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THE REACTION OF THE LUNG ON BRONCHOGRAPHY 
WITH WATERSOLUBLE CONTRAST 
MEDIA IN RATS 


Comparison between two media 
by 


B. Hellstrém 


The response of lung tissue in animals to the intrabronchial injection 
of a water-soluble contrast medium containing carboxymethyl cellulose 
(Umbradil-Viscous B, Astra) has been reported in a previous paper (1). 

The experiments were carried out mainly on white rats, and the 
reaction of the lung was studied at intervals of up to three weeks after 
injection of the contrast material. Histologic examination showed that 
during the course of a few hours the contrast preparation caused ap- 
preciable thickening of septa, hyperaemia, and swelling of alveolar 
phagocytes. These changes began to subside after 24 hours and it was 
established that the treated lung showed on the whole a normal picture 
after 3 weeks. Elimination of the carboxymethyl cellulose was seen to 
be effected by means including phagocytosis by the alveolar phagocytes 
of the lung. 

Since then other animal experiments and clinical pathologic studies 
with similar contrast media have been reported. Swiss investigators have 
published observations made with Joduron B (Cilag), based partly on 
operative and autopsy material from man, and partly on experimental 
studies in animals (3, 4, 5); in U. S. A. the results of an investigation 
with Methocel-Diodrast (Dow Chemical Co.) have been described. These 
studies have given divergent results: 

After intrabronchial injection of Joduron B in animal experiments, 
ViscHEr (4) found histologically demonstrable traces of contrast material 
as long as 4 months after injection, and a reaction in the lung tissue in 

Submitted for publication, May 21, 1953. 
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the form of thickened septa, decreased air content, and accumulation of 
phagocytes and eosinophiles. In biopsy and autopsy material from pa- 
tients injected with Joduron B a foreign-body reaction with the forma- 
tion of giant cells was observed histologically 6—90 days after broncho- 
graphy. These observations were contradicted by ZOLLINGER (5), who 
experimented on guinea pigs by percutaneous injection into the lung. 
He described the histologic reaction as moderate and regressing rapidly 
during the course of a few days. He was not able to demonstrate lung 
reactions in man due to the contrast medium. He believed it likely that 
the changes observed by VISCHER were due to accumulation of epithelial 
mucus with surrounding tissue reaction, and that by using Hotchkiss’ 
periodate stain one can distinguish histologically between mucus and 
carboxymethyl cellulose, as the former stains positively while the latter 
does not. Deposited subcutaneously, however, the contrast medium gave 
rise to foreign-body reaction. The problem was taken up by WERTHE- 
MANN & VISCHER (3) who, with an improved histologic technique in- 
cluding Hotchkiss’ staining method, showed that the histo-pathologic 
changes in animals and man cannot be explained as mucous granulomata, 
but are due to a reaction to the carboxymethyl! cellulose component in 
the contrast medium. In experiments in rats the period of observation 
was extended to 10—18 months, after which the contrast material was 
still demonstrable histologically, while the lung reaction after this period 
is described as relatively slight. The observations were, however, made 
on only 4 animals. The histo-pathologic examinations in man are re- 
ported to show more severe inflammatory reactions and accompanied 
by the presence of foreign-body giant cells. 

The U. 8. A.-investigation referred to (2), being made with a similar 
water-soluble bronchography contrast medium, Methocel-Diodrast, in- 
cluded animal experiments on dogs and guinea pigs. The results are re- 
ported summarily; transient foci of atelectasis and bronchopneumonia 
are said to have been found. “Histologic sections of the lungs failed to 
reveal any evidence of the substance.” 

As the results of ViscHER’s and WERTHEMANN & VISCHER’s in- 
vestigations differ widely from the results obtained in animal experi- 
ments with Umbradil-Viscous B (1), it appeared desirable to compare the 
effect of the two contrast media under analogous conditions. It was also 
considered necessary to extend the period of observation to 6 months 
after injection of the contrast material. 


Material and Methods 


The method is, on the whole, similar to that used in the previous in- 
vestigation (1). In the experiments 80 white rats have been used, weighing 
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150—250 grams. The animals were anesthetized with a 2 per cent avertin 
solution given intraperitoneally. The trachea was then exposed and a 
ureteral catheter was introduced through a tracheotomy tube under 
fluoroscopy. After this the contrast media, Umbradil-Viscous B (Astra) 
or Joduron B (Cilag), were injected into one lobe, usually the right lower 
lobe. The volume injected was 0.10 cc per 100 g body weight. As the 
contrast material at times had a tendency to regurgitate, the animals 
were held in a vertical position for 15—20 minutes after injection. The 
soft tissues were then sutured and a colloidin dressing applied. 

The animals were killed after intervals of 2 days and 1, 2, 3, and 6 
months. The macroscopic appearance of the lungs was noted and speci- 
mens of that part of the lung into which the contrast material had been 
injected were taken for microscopic examination together with speci- 
mens from the apical portion of the opposite lung. The specimens were 
fixed in Susa and stained with toluidine blue or periodate stain according 
to Hotchkiss’ method. 


Results 
Umbradil-Viscous B. 


In 8 of the animals, the contrast was regurgitated through the opening 
made by the tracheotomy and reaspirated into the bronchi, with the re- 
sult that the animals were suffocated. The surviving animals showed a 
transient increase in the respiratory rate. They were divided into groups 
and killed at the intervals mentioned above. 

Macroscopic lung changes: The macroscopic picture of the lung was 
on the whole normal, including the appearance of the lobe into which 
the contrast material had been injected. In a few cases a slight congestion 
was noted in both lungs. In one animal, killed 2 months after injection 
into the right lower lobe, the lobe was found to be collapsed with a finely 
granulated surface. Subsequent microscopic examination revealed acute 
pneumonia. No remnants of contrast material could be found. In another 
case, an animal killed one month after injection in to the right lower lobe, 
a small cyst was found in the left upper lobe. 

Microscopic lung changes: As has been shown earlier (1), carboxy- 
methyl cellulose is readily stained metachromatically by toluidine blue. 
However, the staining is not specific, a fact pointed out by ZoLLINGER, 
and it was for this reason supplemented by periodate staining according 
to Hotchkiss. 

48 hours after injection, the picture was seen to correspond well with 
that described earlier (1). In the treated lung, the greater part of the 
contrast material had disappeared from the bronchioles and alveolar 
lumina. In the alveolar phagocytes, one could see phagocytosed carb- 
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Fig. 1. Normal lung in a rat. Tol. bl. Fig. 2. Lower lobe 2 days after injection 
150 x. of Umbradil-Viscous B. Slightly thickened 


septa. Diffuse free remnants of contrast 
material in some alveoli. Tol. bl. 150 x. 


oxymethyl cellulose. The general histo-pathologic reaction consisted of 
a slight to moderate increase in the thickness of the alveolar septa. There 
was no obvious congestion. The untreated lung was seen to be completely 
normal with the exception of one case, in which there was some thickening 
of the septa and contrast material in some alveolar phagocytes. 

One month after injection, free contrast material could be found in 
the alveoli of the injected lung in 2 of 6 animals, and a number of the 
phagocytes were still seen to contain carboxymethyl! cellulose. The septa 
in a few cases were slightly thickened, otherwise the picture of the lungs 
was quite normal. The untreated lung was completely normal in all ex- 
cept one case, in which a cyst was seen macroscopically. This proved 
to be a small abscess, but no remnants of contrast material could be 
found. 

The microscopic picture after 2, 3, and 6 months may be summed 
up as follows: In occasional alveoli one could still find minimal, diluted 
remnants of contrast material, and phagocytosed matter in occasional 
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Fig. 3. Lower lobe one month after injec- Fig. 4. Lower lobe 2 months after injec- 
tion of Umbradil-Viscous B. The septa are tion of Umbradil-Viscous B. Normal lung. 
possibly slightly thickened; to the left of Tol. bl. 150 


the figure a remnant of contrast material 
can be seen. Tol. bl. 150 


phagocytes otherwise the histologic picture was quite normal. No 
foreign-body reactions in the form of granulomata or giant cells were 
observed. The untreated lung was completely normal, showing no rem- 
nants of contrast material. 


Joduron B. 


6 of 40 animals died immediately after, or within a few hours of, the 
injection. This was due to reaspiration and suffocation. The surviving 
animals developed transient tachypnoea, as did those injected with Um- 
bradil-Viscous B. They were killed at the intervals mentioned previously. 

Macroscopic lung changes: In 25 of the 34 animals the treated lung 
showed macroscopic changes in the portion into which the contrast 
medium had been injected; these were also present in the animals killed 
6 months after injection. In the greater number of the cases the contrast 
material was injected into the right lower lobe, and the changes were 
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Fig. 5. Lower lobe 3 months after injec- _—‘Fig. 6. Lower lobe 6 months after injec- 
tion of Umbradil-Viscous B. In one al- tion of Umbradil-Viscous B. Normal lung. 
veolus, a slight remnant of diluted con- Tol. bl. 150 


trast medium, without cellular reaction: 
otherwise, normal lung. Tol. bl. 150 x. 


mainly localized to the dorso-median portion of the base of the lobe. 
The change, which at the start appeared atelectatic, was always sharply 
delineated from macroscopically normal lung tissue. In the animals killed 
after 2 days, the area change was brownish-red in colour, slightly larger 
than a pea and, on incision, found to be markedly congested. In animals 
killed after a longer interval, the change was less extensive, it was more 
glassy, pale brown in colour and firm in consistency. No pleural reaction 
could be observed. In every case the untreated lung presented a normal 
picture. The macroscopically changed area, or the corresponding area 
where no changes could be observed, was examined histologically. 

Microscopic lung changes: Joduron B has, with the staining methods 
used, the same tinctorial properties as Umbradil-Viscous B, and is readily 
metachromatically stained with toluidine blue, whereas Hotchkiss’ 
staining method gives negative results. 

48 hours after injection, the treated lung lobe showed regularly 
localized changes. Contrast material was present in large amounts. In 
the changed areas the bronchioles and alveolar ductules were distended 
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Fig. 7. Lower lobe 2 days after injec- Fig. 8. Lower lobe 1 month after injec- 

tion of Joduron B. The contrast material tion of Joduron B. Lung structure blurred, 

is principally accumulated in distended abundant with remnants of the contrast 

bronchioli. Tol. bl. 44 x. material, marked hyperaemia and accu- 
mulation of leukocytes. Tol. bl. 150 > 


and filled with contrast material. The surrounding lung tissue was wholly, 
or partly, atelectatic, and only small amounts of contrast material were 
present in the alveoli. The structural pattern of the lung had more or 
less disappeared with thickened septa, congestion, and enlarged alveolar 
phagocytes containing a relatively sparse contrast material content. 
Other parts of the treated lung lobe sometimes presented a more normal 
picture. The details of the untreated lung were normal and no contrast 
material could be observed. Hotchkiss’ staining method gave negative 
results in both the treated and the untreated lung. 

One month after injection the lung still showed marked localized 
changes. The contrast material was still found in some bronchioles, and 
was also present in the alveoli. A large number of septa were markedly 
thickened, the blood vessels were dilated, and there were marked ac- 
cumulations of leukocytes in the changed areas. The alveolar phagocytes 
were enlarged, containing sparse to moderate amounts of contrast ma- 
terial. No granuloma or giant cells could be observed. With Hotchkiss’ 
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Fig. 9. Lower lobe 2 months after injec- Fig. 10. The same specimen as in figure 9, 
tion of Joduron B. Contrast material rem- Hotchkiss’ staining method. The contrast 
nants in a lung with copious cellular in- material is ngt stained. 150 


filtration. Tol. bl. 150 


staining method, a slight accumulation of mucus could be seen in a few 
bronchioles in two cases. The untreated lung was entirely normal. 
2 months following injection the lung was normal in 2 cases; in the 


remaining 4 cases the changes were still demonstrable. It is worthy of 


note that in these cases there was cellular reaction of ¢lements other than 
polynuclear leukocytes and alveolar phagocytes. Thus, one could see be- 
tween remnants of contrast material an infiltration |of round cells and 
epithelioid cells with foamy protoplasma. The bronchioles were as a rule 
empty or contained sparse leukocytes and metachromatic streaks. Hotch- 
kiss’ staining method showed local areas of mucous stagnation. The un- 
treated lung showed invariably a normal picture. 

3 months after injection the picture presented by 2 cases was normal, 
or only slightly changed; in the remaining 4 cases there were partially 
severe changes. There were still foci of large masses of contrast material 
left in the lung. In localized areas the structure of the lung was destroyed 
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Fig. 11. Lower lobe 3 months after in- Fig. 12. Lower lobe 6 months after in- 
jection of Joduron B. Copious remnants jection of Joduron B. Copious remnants 
of contrast material in a lung with chron- of contrast material in a chronic inflam- 
ic inflammatory changes and commen- matory lung. Tol. bl. 150 

cing induration. Tol. bl. 150 


with islands of contrast material surrounded by fibrous connective tissue. 
In some areas there were accumulations of epithelioid cells with foamy 
protoplasma and an occasional giant cell. The bronchioles were as a rule 
empty, in others sparse remnants of contrast material could be seen sur- 
rounded by a ring of phagocytes. In one lung, Hotchkiss’ staining method 
revealed small cavities filled with matter which reacted positively, sug- 
gesting mucous retention. Otherwise the masses stained metachromatic - 
ally with toluidine blue, reacted negatively to Hotchkiss’ staining. The 
untreated lung presented a normal picture in every case. 

6 months after injection, there were still changes in 5 out of 6 lungs, 
with copious remnants of contrast material in ectatic cavities and in the 
more plentifully cell-infiltrated tissue, with a polymorphous picture of 
connective tissue cells including mast cells, phagocytes, epithelioid cells, 
and an occasional giant cell. The bronchioles were empty or only slightly 
filled. Hotchkiss’ staining method showed negligible mucous retention. 
The untreated lung was wholly normal. 


B. HELLSTROM 


Discussion 


These studies, and earlier experiments, show that the elimination in 
the lungs of the components of water-soluble bronchography contrast 
media of the type of Umbradil-Viscous B and Joduron B is effected in 
different ways. The iodized contrast proper is rapidly absorbed and the 
contrast material can after a few hours no longer be seen in roent- 
genograms. The viscous component, however, despite its water-solubility, 
is not resorbed so readily. Its removal is effected by| at least two mecha- 
nisms: it is eliminated from the bronchi by coughing and ciliary activity, 
and from the alveoli by phagocytosis. 

In this investigation, two similar contrast media have been com- 
pared, in both of which the viscosity increasing agent is carboxymethy| 
cellulose. Observations show a fundamental difference e in the reaction in 
rat lungs, suggesting a different degree of effectiveness in eliminating 
carboxymethyl cellulose after the two contrast media have been injected. 
In animals injected with Umbradil-Viscous B, the ¢arboxymethy! is on 
the whole removed from the bronchioles and alveolar lumina after 48 
hours. One to six months after injection it may be| found in absolutely 
minimal traces in occasional alveoli and phagocytes, but otherwise the 
histologic picture presented by the lung is quite normal — indicating 
that these remnants are of no significance. In one case a non-specific 
abscess was found in the untreated lung one month after injection; in 
another there was acute pneumonia in the injected |lobe 2 months after 
injection. In neither case were remnants of contrast material demonstrable. 
It is possible that in these cases a bacterial infection! was connected with 
injection of the contrast medium, but there are no grounds for suspecting 
a reaction to the contrast medium itself. 

In animals injected with Joduron B, on the other hand, in most cases 
one found local, severe changes in a portion of the lobe into which the 
material was injected. 48 hours after injection, carboxymethyl cellulose 
could be found principally in distended bronchioles 4nd alveolar ductulis 
and the lung tissue peripheral to them was wholly jor partly collapsed. 
This collapse remains unchanged in the majority of cases, and during the 
course of 1—6 months carboxymethyl cellulose may be found in large 
amounts; after two or three months the lung area is|invaded by connec- 
tive tissue cells and cells suggesting a chronic inflammatory reaction. A 
chronic indurated pneumonic process develops in the area. Umbradil- 
Viscous B and Joduron B are then not comparable fas regards the reac- 
tion they produce in rat lungs. The reasons for this are partly obvious. 
Joduron B is appreciably more viscous (about 5 times), with the result 
that it does not flow so readily out into the alveoli and instead of which 
it occludes small bronchial tubes for a relatively long period. As a result, 
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the lung tissue collapses due to resorption atelectasis, and the means of 
eliminating the carboxymethyl cellulose are lessened (as expulsion by 
coughing is more difficult and the possibility of phagocytosis is decreased). 
It is also likely that the possibly large molecular size in the carboxymethyl 
cellulose in Joduron B may affect phagocytic action. The results with 
Joduron B in this investigation agree in essentials with ViscHER’s and 
WERTHEMANN & VISCHER’s results. On the other hand, they contradict 
ZOLLINGER’S findings with the same contrast medium. The explanation 
may lie in the fact that ZoLLINGER used percutaneous injection into the 
lung, so that the contrast material did not cause any bronchial occlusion. 
ZOLLINGER carried out his experiments in guinea pigs. VISCHER used both 
rats and guinea pigs, and reports no difference in the reaction of the 
lungs in the two types of animals. 

The results of this investigation do not permit any immediate con- 
clusions as regards the fitness of the two media for use in man. The size 
of the dosage may be of some significance. In animal experiments rel- 
atively large dosages have been administered, which naturally lead to 
relatively more severe and widespread changes. The histopathologic 
studies made on human lungs, employing Joduron B, are contradictory, 
and the results difficult to evaluate as the lungs had been the seat of other, 
severe pathologic changes. It would appear desirable that supplementary 
studies are made in man, using the two contrast media. 


The microphotographs are made by H. Kase. 


SUMMARY 


A series of experiments in rats shows that the reaction of the lung after the injection 
of Umbradil-Viscous B (Astra), may be described as of short duration. The carboxymethyl 
cellulose in the contrast preparation could be found in absolutely minimal amounts after 
a longer period of time but in spite of this no foreign-body reaction could be observed. 

This histo-pathologic benignity does not appear to be found in a similar water- 
soluble bronchography contrast medium (Joduron B, Cilag), which may cause local but 
severe and irreversible changes in the lung with induration and chronic inflammatory 
processes around the carboxymethyl cellulose component. 


ZUSAMMENFASSUNG 


Eine Reihe von Rattenexperimenten zeigt, dass die Lungenreaktion nach Injektion 
von Umbradil-Viskés (Astra) als kurzdauernd beschrieben werden darf. Die Karboxy- 
methylzellulose in der Kontrastbereitung konnte nach Ablauf lingerer Zeit in absolut 
minimalen Mengen festgestellt werden, aber trotzdem konnte keine Fremdkérperreak- 
tion beobachtet werden. 

Diese histo-pathologische Gutartigkeit scheint in einem ahnlichen wasserléslichen 
Kontrastmittel fiir Bronchographien (Joduron B, Cilag) nicht feststellbar zu sein. Dieses 
kann lokale aber ernsthafte und irreparable Veranderungen in der Lunge mit Induration 
und chronischen inflammatorischen Prozessen um die Karboxymethylzellulosekompo- 
nente herum hervorrufen. 
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RESUME 


Une série d’expériences sur des rats montre que la réaction du poumon aprés injec- 
tion d’Umbradil-Visqueux B (Astra) peut étre considérée comme, de courte durée. La 
carboxyméthyl cellulose du produit de contraste a pu étre trouvée en quantités absolu- 
ment infimes aprés un temps assez long; cependant on n’a pu observer de réaction & un 
corps etranger. 

Cette bénignit’ histo-pathologique ne semble pas étre partagée par un produit de 
contrast: bronchographique hydrosoluble similaire (Joduron B, Cilag), qui peut causer 
des altérations locales mais graves et irréversibles dans le poumon, avec induration et 
processus inflammatoires chroniques autour du composant de carboxyméthy! cellulose. 
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ADDENDUM 


Since this article was written, two other papers, dealing with the same subject, 
have been published, namely by ZoLtinceR & FiscHer in Schweiz. Med. Wehnsch. 83 
(1953), 645 and by Weser in Fortschr. Réntg.str. Réntg.prax.| 79 (1953), 168. 
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OSTEOID OSTEOMA OF A VERTEBRAL ARCH 


A case report 
by 


Stig Fagerberg and Paul Rudstrém 


Osteoid osteoma has become a comparatively well-recognized skeletal 
disease. MoBERG (9) has recently published in this journal a detailed 
account of the clinical picture, symptomatology, roentgen diagnosis, and 
treatment of this condition, the aetiology of which cannot be said to 
be fully established. It runs a chronic course, affects only adolescents 
and young adults, and occurs more commonly among males than females. 
Tenderness and swelling combined with strictly localized, often nocturnal 
pain, are the most usual symptoms. Diagnosis is made on the roentgen 
examination, and two forms may be distinguished according to the 
situation of the lesion. In the commoner form, situated in the diaphysis 
of the long bones, there is marked cortical sclerosis with slight central 
rarefaction, whereas in the short, cancellous bones the central nidus is 
often larger and more opaque and the surrounding sclerosis, if any, is 
less pronounced. The differential diagnosis, however, at times presents 
difficulties. The histologic picture is characteristic. 

A number of cases have been published in recent years, of which 
only a few, however, have appeared in the Scandinavian literature. 
MoperG has described twelve cases, and PALMER one. MOBERG (9) 
writes: “It is peculiar that while a large percentage of the cases from the 
United States are reported as having the lesion situated in the short 
spongy bones and often in the vertebrae, involvement of this type of 
bone is seldom described in the European cases.” 

On scrutiny of the literature we have found twenty-one cases of 
osteoid osteoma of the spine: MARZAGALLI (1938) 1 case, KLEINBERG 
(1944) 1, Lewis (1944) 1, Hamiiron (1945) 1, JAFFE (1945) 4, SHERMAN 
(1947) 7, JackKson—DockERTY—GHORMLEY (1949) 1, GeNTA, 


Submitted for publication, April 22, 1953. 


; 


| 
384 STIG FAGERBERG AND PAUL RUDSTROM 


Fig. 1 a. Destruction of the lamina and Fig. 1 b. Further destruction of the lamina, 
pedicle of L. 2, right side. (15/10/51). pedicle, and superior articular process with 
a mottled, scleroti¢, sequester-like nidus 
the size of a chetry. No surrounding 
sclerosis| (29/9/52). 


(1951) 3, and WALKER (1952) 2 cases. Of these, only four (2 and 8) occur 
in the European literature, and none in the Scandinavian. 

As an osteoid osteoma of the vertebral column |is rare, we feel it 
may be of interest to report a case recently treated |in this hospital. 


Med. clinic 2373/52, Surg. Eler. 3769/52; a woman, aged 36; joperated upon in 1937 
for ovarian cysts, also received three months’ sanatorium treatment for slight tuber- 
culous changes in the left lung. In 1938 she developed right-sided sciatica, but after 
a period of severe lumbar pain, became free of symptoms. In 194), when suffering from 
a cold, she again developed a short, sharp bout of backache of the same type. A further 
attack occurred in September 1951, and from then on she had constant pain, most 
pronounced at night and on performing certain movements. 

Films taken in September 1951 showed destruction of the right upper part of the 
lamina of L. 2 (Fig. 1 a). 

In February 1952, during a pregnancy, the pain moved to the! right buttock: normal 
delivery in August 1952. 

Roentgen examination a year later showed further extension of the lesion, which 
now affected the right lamina, pedicle, and superior articular process of L. 2 (Fig. 1 b, 2). 

The patient was admitted to hospital on the 2nd October. On admission she was 
found to have a stiff, scoliotic lumbar spine with distinct tenderness on percussion over 
L. 2. Laségue’s sign bilateral + (c. 70°). Temperature, 8S. R. and|blood picture normal, 
W. R. negative. Roentgen examination of the stomach, colon, and |jurinary tract revealed 
no changes, and the chest examination showed left-sided pleural thickening only. 

While in hospital the patient had short bouts of pain in the right loin, radiating 
into the right groin, buttock, and thigh, and followed by aching. 

The cause of the roentgenologically observed lesion was obscure. An osteoid osteoma 
or a primary tumour of the bone was discussed. 
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¢ 
} 
Fig. 2. Tomogram showing clearly the zone Fig. 3. Operation 
of demarcation around the nidus. (24/9/52). specimen. 
Ate 
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Fig. 4. Micro-photograph of operation specimen. 


Operation (RupsTROM) on 29th October, 1952. After exposure of the vertebral arch 
a thin layer of cortex was removed, revealing a round bony-hard sequestrum-like struc- 
ture the size of a cherry lying in a pulpy smooth-walled cavity. The tumour was ex- 
tirpated, and the cavity curetted. (Operation specimen, Fig. 3.) 
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Histologic examination (RaNsTRGOM) (Fig. 4). The specimen) consists of a tumour-like 
tissue containing irregular fimbriated osteoid formations of greatly v varying size. The 
interstitial tissue is made up of fusiform cells in varying numbers and scanty collagen 
fibrils. Cells of osteoblastic type and giant cells of osteoc lastic type are seen in immediate 
association with the osteoid formations. There is no evidence of malignancy. 


The post-operative course was uncomplicated! On discharge the 
patient was almost completely free from symptoms, and on re-examina- 
tion in February, 1953, had nothing to report. 


SUMMARY 


A case of osteoid osteoma of a vertebral arch is described and the literature on the 
subject surveyed. 


ZUSAMMENFASSUNG 


Ein Fall mit einem osteoiden Osteom eines Wirbelboge “nk wird beschrieben und 
eine Literaturiibersicht iiber dieses Krankheitsbild gegeben. 


RESUME 


Les auteurs présentent un cas d’ostéome ostéoide d’un ar¢ vertébral et font une 
revue de la littérature sur ce sujet. 
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PLANIGRAPHY IN MULLER AND VALSALVA 
EXPERIMENTS 
by 


Per Amundsen 


As is well known, the manoeuvres of Miiller and Valsalva may in- 
fluence the size and shape of the heart and intrathoracic vessels to such 
an extent that the variations may be observed during fluoroscopy as 
well as in roentgen films. These experiments are carried out in order 
to diagnose lesions of the intrathoracic vessels, e. g. arteriovenous an- 
eurysms (LINDGREN) and to decide whether opacities in the hilum arise 
from pulmonary vessels or bronchial glands (WESTERMARK). Planigraphy 
affords us a better opportunity of studying the intrathoracic vascular 
structures than do ordinary films of the chest. However, even in plani- 
grams it may be impossible to distinguish a vascular shadow from a 
solid mass. 

In order to facilitate this differentiation we have attempted to ob- 
tain planigrams during varied increased and decreased intrathoracic 
pressures. 

We employ a simple arrangement embodying a water manometer 
as described by LAuRELL. Two planigraphs are made with the shortest 
possible interval between them and with precisely the same projection. 
The patient breathes out against an increased pressure of + 40/60 cm 
of water when the first film is taken, and inspires with a decreased 
pressure of — 40/60 cm water as the second is exposed. 

In order to obtain the most equal conditions, we commence the 
experiment of expiration at the point of easy quiet inspiration, and the 
inspiration experiment from the stage of easy expiration. The patient 
should be instructed to hold the pressure for at least ten seconds before 
the films are exposed. Objections may be raised that during these ma- 

Read before the XVII Congress of the Northern Association of Medical Radiology, 
Aarhus, June 1951; submitted for publication, Jan. 29, 1953. 

25 —531927. Acta Radiologica. Vol. 40. 
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Fig. 1. Planigram (frontal). Azygos 
vein (arrow) surrounded by en- 
larged, calcified glands. 


noeuvres a change of plane may cause an apparent alteration of the 
calibre of the heart and vessels. It is, therefore, very important to take 
the films in exactly the same plane and projection. This is usually pos- 
sible by means of the manometric control, and both phases of pressure 
may be established with the diaphragm lying at about the same level. 
It is generally not difficult to decide whether the|films are really com- 
parable or not. Any failure will be of least importance when the vessels 
run in a plane parallel to the roentgen beam. This! occurs in the antero- 
posterior view at the point where the azygos véin turns around the 
right main bronchus. 

Estimation of the size and shape of the azygos vein occasionally 
presents difficulties. Planigraphic ‘cuts’ made through the right main 
bronchus may show this vein as a round or oval|lying shadow in the 
right tracheo-bronchial angle. Such an opacity may be interpreted as 
a gland, not perhaps surprisingly, as glands of various sizes are often 
situated in this region (Fig. 1). 

The fact has been emphasized that the vena jazygos is influenced 
to a considerable extent by the pressure variations in the Miiller and 
Valsalva experiments. In the planigraphs made when pressure is applied, 
a distinct change of calibre may be observed whereas glands show no 
alterations (Fig. 2). Normaily, the size and shape of the azygos vein 
is so characteristic that it is readily recognized. However, in various 
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a. b. 


Fig. 2. Planigrams (frontal). a. Pressure: — 40 cm. of water; b. pressure: +- 40 cm. of 

water. Azygos vein (arrow) appears in right tracheo-bronchial angle and shows a distinct 

change in calibre. The enlarged gland above seems larger in b. by reason of the reduced 

size of the overlapping vena cava. Measured on the films, the size of the gland is un- 
changed. 


circulatory insufficiencies the vessels may easily be mistaken for solid 
swelling of the glands. Fig. 3 shows a routine film of a case in which 
the preliminary diagnosis was a tumour at the base of the right lung 
with hilar metastases. Later, planigraphy with pressure variations re- 
vealed a definite change of calibre of the opacity situated at the tracheo- 
bronchial angle. Hence, this shadow must have been due to an enormously 
distended azygos vein. 

This corresponded to the pathologic finding which disclosed a tumour 
infiltrating the inferior vena cava. An increased collateral circulation 
through the azygos vein caused the great distension of this vessel. 

Intrathoracic vascular tumours with an arterio-venous shunt are also 
readily influenced by change of pressure (LINDGREN). In such lesions, 
planigraphs afford a much better material than conventional films for 
diagnosis. Fig. 4 shows a case of a haemangioma at the apical segment 
of the right lower pulmonary lobe. On the planigraphs we observe the 
artery running cranially to the vein with the tumour lying between 
these vessels. The pressure test distinctly shows a change of calibre, 
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Fig. 3. Above: Mass in the right hilum and infiltration of the lower 

part of the right lung, previously believed to bé a tumour in the 

lung with hilar metastases. Below: Planigrams show that the hilar 

mass, situated in the tracheo-bronchial angle, definitely changes in size 
(left: — 40; right: + 60 cm of water). 


proving that we really have to deal with vascular structures, 7. e. 


arterio-venous fistula. Lobectomy was performed, Contrast medium 
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Fig. 4. Above: Tumour in the apical segment of the right lower lobe connected with 


the hilum by large irregular vessels. Below, left: Planigram (sagittal). Pressure — 60 
em of water. Tumour (T) behind artery (a) and vein (v); right: (+ 60 cm of water). 
Changes in calibre measured on films: — 60 cm of water: a, 17 mm; v, 21 mm; T, 39 


mm. + 60 cm of water: a, 13 mm; v, 16 mm; T, 31 mm. 


jected into the vein of the specimen fully confirmed the interpretation 
of the planigraph. 

Fig. 5 shows a case with metastases of the right hilum, originating 
from a hypernephroma. The planigraphs show clearly a change of calibre 
of the azygos vein, but no alterations of the tumour shadow. 
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Fig. 5. Above: Solid tumour mass in the right|hilar region 
(metastases from hypernephroma). Below: Planigrams show 
distinct change in calibre of the azygos vein n (arrow); tumour 
mass unaltered. Left: + 60 cm water; Tight: — 30 em of water. 


The hilar glands can sometimes hardly be distinguished from the 
central hilar vessels, even in the planigraphs. If the pressure test be 
employed, the findings are not so convincing as in |the case of the more 
peripheral vessels, e. g. as in the above- mentioned instance. Frequently, 
however, the pressure experiment is of help because the size of the heart 
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Fig. 6. Normal case. Above: Normal Fig. 7. Case with enlarged hilar glands. 


pressure; below: Increased pressure; Above: Normal pressure; below: Increased 
heart and wessels contract. pressure; the glands apparently remaining 
uninfluenced. 


and vessels will diminish, due to the increased pressure, while the glan- 
dular nodules remain uninfluenced. Fig. 6 show normal appearances and 
Fig. 7 pressure experiment in a case of enlarged hilar glands. 


SUMMARY 


Planigraphic studies during Miiller’s and Valsalva’s manoeuvres show well-defined 
variations in the calibre of the azygos vein. Similar signs may be found in cases of tu- 
mours of the peripheral vessels of the lung. Variations of the central hilar vessels are 
more difficult to estimate; by changing the size and shape of the heart and intrathoracic 
vessels, the procedure may be of aid in deciding whether enlargement of the hilar glands 
is present or not. 
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ZUSAMMENFASSUNG 


Planigraphische Studien wahrend Miiller’s und Valsdlva’s Versuchen zeigen gut 
definierte Schwankungen des Kalibers der Vena azygos. Ahnliche Befunde wurden in 
Fallen mit Tumoren der peripheren Lungengefisse gemacht. Variationen der zentralen 
Hilusgefiasse sind schwieriger zu beurteilen; durch Verainderung der Grésse und Form 
des Herzens und der intrathorakalen Gefiisse kann die Planigraphie fiir die Entschei- 
dung, ob die Hilusdriisen vergréssert sind oder nicht, von Nutzen sein. 


RESUME 


Les tomographies prises pendant les manoeuvres de Miiller et de Valsalva mon- 
trent de nettes variations de calibre de la veine azygos. On trouve des signes semblables 
dans les tumeurs des vaisseaux périphériques du poumon. I] est plus difficile d’apprécier 
les variations des vaisseaux du hile; ce procédé, grace aux modifications des dimensions 
et de la forme du coeur et des vaisseaux intrathoraciques qu'il provoque, peut aider 
i juger si les ganglions hilaires sont ou non augmentés dq volume. 
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MEDIASTINAL PHLEBOGRAPHY 


A bilateral simultaneous injection technique 
by 


V. Gvozdanovié and B. Oberhofer 


Introduction 


In the diagnosis as well as the differential diagnosis of mediastinal, 
paramediastinal and cardiovascular diseases, mediastinal phlebography 
assumes more and more importance. In addition to special views of the 
mediastinum, examination of the oesophagus by means of contrast 
media, investigation of the vertebral column and sternum, tomography 
and kymography of the mediastinum and perhaps bronchography, there 
are a further three methods that may be employed in dubious cases, 
i.e. angiocardiography, thoracic aortography and mediastinal phlebo- 
graphy. These methods are invaluable in the differentiation of anomalies 
and diseases of the blood vessels as well as in cases of tumours and in- 
flammation of the mediastinum. In our opinion mediastinal phlebography 
is technically the simplest of the three, as in the form in which it has been 
employed for the last two years in our de »partment it may be performed 
in any roentgenologic institute. It is the aim of this article to describe 
the application of this modification of mediastinal phlebography. 


Definition 


Mediastinal Ree gd is the method of representing the large 
veins of the mediastinum, 7. e. vv. anonymae and the superior vena cava. 
In fact, it is the first shinee of angiocardiography, a phase which gives us 
information regarding any displacement, compression and possible ob- 
struction of the large veins of the mediastinum. The conditions of the 
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circulation in the superior mediastinum in connection with pathologic 
changes of the mediastinum and adjoining regions, are also revealed. 


History 


The history of mediastinal phlebography is closely linked with that 
of angiocardiography, and we shall trace briefly certain data concerning 
the relationship. 

As early as 1940, StermnBerG, Ross and Rocue were the first to 
refer to the possibility of differentiating between aneurysms and media- 
stinal tumours by means of angiocardiography. LinDBLoM, in 1946, was 
the first to describe mediastinal phlebography as an independent method. 
ABBoT and co-workers, in 1949, published their| paper on the rdéle of 
angiocardiography and mediastinal phlebography in the diagnosis of 
mediastinal and paramediastinal lesions, but from the presented material 
it is evident that they were using angiocardiography almost exclusively. 
In 1951 SALEN published a paper on the constrictive processes in the 
region of the superior vena cava and on the representation of the collateral 
circulation in these cases. In the same year, Roprrts and collaborators 
published a roentgeno-anatomic study on both the innominate veins and 
the superior vena cava, elaborated on the basis of 1,500 angiocardio- 
graphies carried out in the period between 1937 and 1951. In the autumn 
of 1951, FiscHerR’s paper on mediastinal phlebography was published. 
As we see it, greater attention to mediastinal phlebography as a separate 
method has been paid only in the past few years. We carried out our first 
mediastinal phlebography in January 1951, and have used it so far in 
36 Cases. 


Roentgenologic Appearances 


A detailed description of the roentgenologic anatomy of the large 
veins of the superior mediastinum as well as a description of the commu- 
nications between the systems of the superior and inferior vena cava are 
to be found in the papers by RoBerts and his co-workers as well as by 
SALEN. 

It should perhaps be pointed out that the walls of the veins of the 
mediastinum are very thin, so that expansive processes in the neigh- 
bourhood are likely to cause venal displacement, compression or obstruc- 
tion. Inflammatory processes near the veins of the mediastinum are liable 
to be transmitted to them, causing thrombosis, while infiltrative processes 
may grow into the veins and produce partial or total obstruction. Patho- 
logic changes of the aorta and innominate artery, diseases of the trachea 
and mediastinal lymph glands as well as inflammatory processes and 
tumours of the mediastinum itself are often conductive to changes in 
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the mediastinal veins. Their position will likewise be changed by all 
extra-mediastinal processes which cause displacement of the mediastinum 
(atelectasis, pneumothorax, pneumoperitoneum, exeresis of the phrenic 
nerve, etc.). 

The roentgenologic interpretation of mediastinal phlebography has 
not as yet been elaborated in detail. Almost all authors concerned with 
mediastinal phlebography are of the opinion that it will be necessary to 
gather more experience, so that a more detailed differential diagnosis of 
the roentgenologic appearances within the framework of the method 
may be elaborated. But in general, it may be said that benign expansive 
growths as well as aneurysms are primarily productive of displacements of 
mediastinal veins and then of obstructions, while inflammatory processes 
and malignant tumours much earlier produce thrombosis or infiltration 
of the wall of the blood vessel. In benign expansive growths and aneurysms, 
the outlines of the veins are usually sharp and regular, while in thromboses 
or infiltrations they are irregularly blurred and indented. Multiple poly- 
cyclic impressions of the veins suggest a glandular character of the 
growth. Complete obstruction of the large veins of the mediastinum is 
the most frequent in malignant tumours (RoBeErRTs et al.) irrespective 
of whether they be in the nature of primary tumours or metastases. 
Roentgenologically it is almost impossible to differentiate between 
obstruction produced by inflammatory changes, idiopathic thrombosis 
and infiltration by tumours. Such a differentiation is, however, sometimes 
feasible from the history and clinical picture. 


Technique 


Sensitivity to iodine should first be investigated in every case by 
means of an intravenous test. The main examination is performed with 
the patient in the supine position. The right and left cubital veins are 
punctured and 20—25 ml of saline are injected in order to establish the 
time which will be necessary for injecting the same quantity of contrast 
medium, so that the injection speeds may be synchronized. The punctures 
are carried out with needles of relatively large bore, so that it will be 
possible to empty the syringes in 1—2 seconds without special injection 
apparatus. At a given signal 20—25 ml of Umbradil 35 % are injected 
simultaneously and at the same speed into the right and left cubital veins. 
Four serial films are made, the first exposure after a total of 20 ml of the 
contrast medium has been injected followed by exposures at one second 
intervals. For the purpose of diagnosing displacement and compression 
of the large veins, a single exposure will suffice, while in cases of suspected 
obstruction serial exposures may be indicated. We use a home-made 
cassette changer designed by one of us (G) in combination with a rotating 
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Fig. 1. Ca. pulmonum. Normal large veins of the |superior medi- 

astinum and normal angle between both innominate veins. There 

is no reflux into internal jugular vein, no collaterals or sign of 

stasis. Typical normal impression of the v. subclavia between the 
clavicle and first rib. 


anode tube and a Lysholm grid, the distance being|/80 cm. In the serial 
exposures the radiographic factors are 0.5 sec., 70|kV and 120 mA. If 
only one film is made, the factors are altered to 2.5 sec., 45 kV and 90 mA. 


Results 


Retrosternal and mediastinal strumae were the|first material to be 
systematically investigated by mediastinal phlebography. We selected 
those cases in which it was impossible by other methods to establish the 
lower border of the struma precisely. In view of the situations of both 
innominate veins in the superior mediastinum, we expected that a goitre 
spreading retrosternally would in the first place produce displacement 
and deformation, followed by pressure causing possible stenosis or ob- 
struction of either one or both innominate veins, according to the direction 
of spread. As the injection of one cubital vein in the usual technique of 
mediastinal phlebography will show only the right or the left innominate 
vein, we tried by means of simultaneous injections into both cubital veins 
to represent both innominate veins at the same time. We succeeded in 
all the cases (Fig. 1). 

The first fifteen cases have shown that this modified method is very 
suitable for the representation of changes of the large mediastinal veins 
in retrosternal and mediastinal goitres. In smaller strumae we were also 
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Fig. 2. Lower pole of a struma lying retrosternally and bulging 
slightly the left innominate vein semicircularly and pushing it cau- 
dalwards. The right innominate vein being displaced slightly lateral- 
wards. The angle between both innominate veins is 90°. 
No stasis present. 


Fig. 3. Typical semicircular displacement of both vv. anonymae 
by a large bilobular struma. Both innominate veins, but especially 
the right, are compressed. There is a strong reflux into the right 
internal jugular vein and into the superior veins of the neck on the 
right side. 
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Fig. 4. Ca. pulmonum. In the region of the intersection of 

the trachea and left innominate vein a slight compression 

of the vein results in moderate reflux into the veins of the 
neck and jugulum. 


able to observe displacement and partial compression of the innominate 
veins, as well as the alteration of the angle made up by these veins and 
which normally amounts to about 60—70°. 

In cases of enlargements of both lobes of the thyroid and which had 
spread in a regular retrosternal direction, the angle between the innom- 
inate veins is altered to a semicircle open cranially. Strumae of the left 
lobe press the left innominate vein caudalwards and lateralwards, so that 
the angle between the innominate veins becomes nearly 90°. Enlarge- 
ment of the right lobe does not produce a pronounced alteration of the 
angle but rather changes the position of the right innominate vein, pushing 
it lateralwards. In cases of more marked compression of the innominate 
vein, an immediate filling of the superficial veins of the neck, supra- 
scapular veins and internal jugular veins takes place, this being a sign 
of initial stasis. By means of mediastinal phlebography, stasis may be 
established earlier than is possible clinically (Figs. 2 & 3). 

We have started to utilize this modification of mediastinal phlebo- 
graphy also in cases of circulatory disturbances in the superior mediasti- 
num, particularly in suspected cases of thrombosis of the innominate 
veins or superior vena cava, and have succeeded in representing the whole 
system of collaterals which connect the region of the superior and inferior: 
venae cavae (Figs. 4—8). 


-. 
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Fig. 5. a) Large goitre and spe- 
cific process of the right apex 
and mediastinum. Complete 
thrombosis of the right innom- 
inate vein, of the terminal por- 
tion of the left innominate vein 
and superior vena cava. b) Two 
seconds later the large v. mam- 
maria interna and the medi- 
astinal plexuses are shown. The 
intercostal veins are filling by 
way of the rami perforantes 
from the v. thoracica lateralis. 
dx. c) Two seconds later the 
terminations of the intercostal 
veins in the v. azygos are 
visible. 
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Fig. 6. Ca. pulmonum. Complete thrombosis of the right v. anonyma with 

development of an extensive collateral circulation, particularly by way of 

the arcus venosus juguli, mediastinal venous plexus and v. mammaria int. 

sin. A thrombus from the right v. anonyma projects into the superior 
vena cava. 


By careful attention to radiographic factor, a good representation of 
the large veins of the mediastinum was obtained with Umbradil 35 °% 
and we were not forced to use a 70 % solution of contrast medium in 
any of the cases. 

Only in one case did thrombosis of the cubital veins occur after the 
mediastinal phlebography. In the other thirty-five cases, no untoward 
sequelae were encountered. 


Indications 


From our experiences so far, we are of the opinion, that mediastinal 
phlebography by the simultaneous injection of a contrast medium of 
35 %% concentration is indicated in all clinically suspected cases of stasis 
in the region of the superior vena cava. The same method enables the 
surgeon to envisage pre-operatively the anatomic relations of the large 
veins of the mediastinum in expansive intramediastinal growths; at the 
same time it reveals any signs of initial stasis. The extent of restrosternal 
and mediastinal enlargement of the thyroid may be established by this 
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Fig. 7. Ca. pulmonum. Complete obstruction of the superior vena 
cava immediately below the site where both innominate veins meet. 
Circulation is performed by means of dilated vv. thoracicae laterales, 
intercostal veins, both v. mammariae int. and the venous plexuses 
of the mediastinum into the inferior vena cava. The veins of the 
pericardium and diaphragm are represented. 


method. In carcinoma of the bronchi, mediastinal phlebography, by 
indicating the inoperability of a case, tends to make explorative thoracot- 
omy superfluous; this it may do by demonstrating infiltration or com- 
pression of the large veins of the mediastinum either by the primary 
tumour or metastases in the mediastinum. 


Discussion 


In the available medical literature published prior to 1951 we have 
found that Contr and Costa had tried as early as 1933 to attain a more 
intensive representation of the cavities of the right side of the heart and 

26—531927. Acta Radiologica. Vol. 40. 
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Fig. 8. Lymphogranulomatosis 
mediastini. Thrombosis of both 
the innominate veins. Circulation 
performed by means of vv. azygos, 
hemiazygos accessoria and hemi- 
azygos. Filling of the v. azygos 
despite thrombosis of right in- 
nominate vein and superior vena 
cava is effected by way of a broad 
plexus connecting the right sub- 
clavian vein with the v. azygos. 


pulmonary artery by simultaneous injections of a mixture of Abrodil 
and sodium iodate through two catheters introduced into the right and 
left cubital veins respectively. In 1945 when no 70 % solution of contrast 
medium was available, LINDGREN carried out the simultaneous injection 
of a 35 % solution into both cubital veins for the purpose of visualizing 
an arterio-venous aneurysm of the lung. ABBoT and co-workers in 1949 
mentioned that in some cases it was necessary to inject the contrast 
medium simultaneously into both arms and that in cases of marked venous 
stasis even lower concentrations of a contrast medium would suffice. 

We do not know, however, of any department where all mediastinal 
phlebographies are carried out by the simultaneous injection of a 35 ° 
contrast medium into both cubital veins. 

It may be appropriate to suggest that the employment of the method 
described is justifiable for the following reasons: 

1) With due consideration of the results achieved by BRomAan, OLsson 
and ForssMAN in the investigation of contrast media which are to-day 
in universal use in angiography, it is evident that there is always some 
danger of producing thrombosis. When employing a 35 °, concentration 
of these contrast media the risk of producing such sequelae is relatively 
negligible. By the employment of the same contrast media in higher 
concentrations (50—70 °,) the danger of thrombosis rises proportionately. 
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In cases in which thrombosis is already present in the region to be in- 
vestigated, deterioration of the process subsequent to the angiography 
is relatively frequent. It is understandable that in cases of more pro- 
nounced stasis in which the contact of the intima of the veins with the 
contrast medium, owing to slowing down of the circulation, is protracted, 
it is quite possible that thrombo-phlebitides may ensue (FIscHER). 

From what has been said, it is clear that if we can attain satisfactory 
results in the examination of the superior mediastinum by means of a 
35 ° contrast medium, there is no reason why we should utilize higher 
concentrations. By the simultaneous bilateral injection of a 35 °4 medium, 
we can in any event produce a concentration in the superior vena cava 
approximately identical with that obtained by the unilateral injection 
of a 70° contrast medium. In the latter case the contrast-free blood 
from the innominate vein of the other side produces a dilution of the 
contrast medium in the superior vena cava. 

2) The economic factor of the difference in price between 70 % and 
35 °, contrast media should not be forgotten, the more so if by using a 
cheaper medium the same diagnostic results may be attained. 

3) The injection of 20—25 ml of contrast medium may be carried 
out very easily in a period of 1—2 seconds, which is not always possible 
when 40—80 ml are employed. As the smaller roentgenologic depart- 
ments probably do not possess apparatus for injecting the dye under a 
pressure of 20—60 kg (J6nsson’s apparatus and similar) it may be easier 
for purely technical reasons to perform mediastinal phlebography by 
means of bilateral injections. 

The employment of apparatus for injecting contrast media under 
increased pressure in mediastinal phlebography is of problematic value, 
particularly if we are to differentiate between a normal circulation and 
initial stasis. Reflux into the vena jugularis int. and ext. which may be 
observed in normal cases when such apparatus is used appears to be the 
consequence of raised venous pressure, and it is very liable to be mis- 
interpreted as a sign of initial stasis. It is obvious that in the simultaneous 
injection of 20—25 ml of contrast medium we must halve the pressure if 
we are to complete the injection in the same period as would be taken to 
inject 40—80 ml unilaterally. 

4) Regarding the phenomena which ensue through the mixing of 
the blood containing contrast medium with the contrast-free blood 
(KJELLBERG) it is sometimes very difficult, when using the technique 
of unilateral injection, to interpret the changes in the proximal portion 
of the superior vena cava. The contrast-free blood which enters in a wide 
gush from the innominate vein of the contralateral side into the superior 
vena cava at the site of the anastomosis of both innominate veins, very 
easily produces appearances of thrombosis, and in such cases it is neces- 
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sary to determine whether the other innominate vein is patent. This 
diagnostic difficulty, which is also mentioned by FIscHERr, is non-existent 
when employing the technique of simultaneous bilateral injection of the 
contrast medium. 


SUMMARY 


For the last two years the authors have carried out all mediastinal phlebographies 
by means of the simultaneous injection of a 35 % contrast medium into the right and 
left cubital veins. By this modification the danger from thrombosis is decreased and 
the diagnostic difficulties which arise from the mixing of the blood containing contrast 
medium and the contrast-free blood in the superior vena cava in the conventional method 
are avoided. The authors have employed the procedure most frequently for the purpose 
of localizing the lower border of retrosternal and mediastinal strumae, but it has also 
proved very suitable in the diagnosis of obstruction of the large veins of the mediastinum 
in connection with inflammatory changes and tumours. 


ZUSAMMENFASSUNG 


Wiahrend der letzten beiden Jahre haben die Verf. simtliche mediastinalen Phle- 
bographien nach gleichzeitiger Injektion eines 35 ©, Kontrastmittels in die rechte und 
linke V. cubitalis ausgefiihrt. Durch diese Modifikation wird die Gefahr einer Thrombose 
herabgesetzt und gleichzeitig werden die diagnostischen Schwierigkeiten vermieden, die 
bei der iiblichen Methode durch die Mischung des kontrasthaltigen Blutes mit dem 
kontrastfreien Blute in der V. cava sup. entstehen. Die Verf. haben diese Prozedur am 
haufigsten zur Feststellung der unteren Grenze von retrosternalen und mediastinalen 
Strumen benutzt: sie hat sich auch fiir die Diagnose einer Verengerung der grossen me- 
diastinalen Venen bei entziindlichen Veranderungen und Tumoren als sehr anwendbar 
erwiesen. 


RESUME 


Pendant ces deux derniéres années les auteurs ont fait toutes leurs phlébographies 
médiastinales par injection simultanée de produit de contraste 4 35 °, dans les veines 
cubitales droite et gauche. 

Cette modification de la technique diminue les risques de thrombose et évite les diffi- 
cultés de diagnostic qui proviennent, avec la méthode habituelle, du mélange dans la 
veine cave supérieure du sang contenant le produit de contraste et du sang n’en con- 
tenant pas. C’est pour localiser le bord inférieur de goitres rétrosternaux et médiastinaux 
que les auteurs ont utilisé le plus souvent cette technique, mais elle s’est aussi montrée 
trés bonne pour le diagnostic de l’obstruction des grosses veines du médiastin en rapport 
avec des affections inflammatoires et des tumeurs. 
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ROTATORY IRRADIATION AT 400 KY. 
by 


Johannes Thoms, C. B. Madsen and Howard Nielsen 


For more than ten years rotatory therapy used at the Radium Centre, 
Aarhus, has been based on Howarp NIELSEN’s study on this method of 
irradiation at 155 kV. A large number of dose measurements in phantoms 
made it possible to formulate irradiation programmes for malignant 
diseases in various organs. 

However, after the installation of a new roentgen therapy unit (G. E. 
Maximar 400°’) it is now possible for us to use a voltage of 400 kV. and 
a harder quality of radiation. The purpose of this paper is to present the 
isodoses found in new dose measurements in phantoms. 

Rama Rav, who collected information on 400 kV. therapy, treated 
1,210 patients with irradiation through several portals, using HVL of 
from 1 to 5 mm Cu. He found that no serious complications developed 
during treatment. Nausea and vomiting were exceptional, and diarrhea 
occurred in less than 3 per cent of the patients who received radiation 
to the abdomen. Moreover, as has also been pointed out by CARTER 
Woop, the skin reactions were milder than with identical doses at 180 
kV. or 200 kV. (HVL 1 or 2 mm Cu). 

In rotatory irradiation, as in cross-fire treatment, it is of importance 
to realize to what extent it is possible to increase the depth effect of 
radiation. In rotatory therapy the problem as to the proper placement 
of the dosage maximum is superadded. As shown by Howarp NIELSEN, 
the conditions for an advantageous distribution of the radiation are 
extremely difficult in the pelvic region at HVL of 0.7—1.0 mm Cu. 
The massive pelvic bones influence to a great extent on the shape of 
the isodoses, and two dose maxima occur. As the absorption coefficient 
of osseous tissue is about 3.5 times as high as that of soft tissues at a 
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HVL of 0.7 mm Cu, but only 1.9 times as high at a HVL of 3.5 mm Cu 
(WACHSMANN), it was hoped to obtain special advantages in the rotatory 
irradiation of the pelvic region. 


Present Investigations 


In the experiments, either homogeneous cylindrical phantoms or 
pelvic and thoracic phantoms with embedded bones, the latter also 
containing air spaces corresponding to the lungs, were used. The measure- 
ments were made by means of SIEVERT’s spherical condensor chambers, 
type (I—1) 10, which were calibrated by a Kiistner dosimeter. The 
chambers were placed in 15—20 holes uniformly distributed in the 
phantoms. For each hole the measuring procedure was repeated at least 
three times, and the mean value of the results was taken as the dose 
in the corresponding point. The maximum dose found in cross section 
phantoms was fixed at 100 per cent, and all other doses were given 
relative to this value. 

Except when otherwise stated, the target-axis distance was 85 cm, 
and the remaining physical factors were: 400 kV. a. c., 5 mA, filter 2 mm 
Cu, HVL 3.5 mm Cu, width of the axis field 5 or 10 cm, and height of 
the axis field 15 cm. 


Measurements in cylindrical phantoms were performed only with 
a rotation angle of 360°. If D, and I are the axis dose and the free air 
dose, respectively, for a phantom diameter of 15 cm and an axis field 
of 5 x 15 em, we find D,, expressed as a percentage of I, to be 70 per 
cent. This is in agreement with the results of Howarp NIELSEN, who 
found that D,/I1 x 100 did not increase appreciably at HVL higher 
than 0.7 mm Cu, and moreover using a HVL of 0.7 mm Cu and the 
same phantom, found D,/I x 100 close to the value mentioned above. 

If D, is the surface dose, we also find that the ratio D./D, « 100 
shows no appreciable increase when the HVL is greater than 0.8 mm Cu. 
As an example Howarp NIELSEN previously found that at HVL of 0.20 
and 1.40 mm Cu, D,/D, x 100 was 206 per cent and 324 per cent, re- 
spectively. We find that an increase of the HVL to 3.5 mm Cu increased 
D./D. < 100 to 350 per cent only. The distribution curve of the radiation 
was typical bell-shaped around the axis of rotation, but an increase in 
the hardness of the radiation from HVL of 1.40 to 3.5 mm Cu did not 
result in increased slope of the curve. 


Measurements in thoracic phantoms. — The thoracic phantom used 
was shaped as a cross-section through the seventh thoracic vertebra. 
The dosage distribution appears from diagrams 1 and 2. The new 
conditions of irradiation involved no essential difference compared with 
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Diagram 1. Isodoses in the thorax, horizontal plane through 
the seventh thoracic vertebra, 360°, centring in the middle, 
width of axis field 5 em (D,/1 = 59 per cent). 


Diagram 2. Isodoses in the thorax, horizontal plane through 
the seventh thoracic vertebra, 360°, centring in the middle, 
width of axis field 10 cm (D,/I = 74 per cent). 


the earlier conditions at 155 kV. and HVL of 0.7 mm Cu, since D,/I 
remained practically unchanged, and the maximum surface dose was 
only slightly increased. When a width of axis field of 5 cm was used, the 
shape of the isodose curves showed good agreement with those found by 
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Howarp NIELSEN at a HVL of 0.7 mm Cu (/2/, figs. 45—46; /3/, fig. 3). 
When the width of the axis field was increased to 10 cm, the form of the 
isodoses at 400 kV. showed a slight tendency to approximating to the 
conditions found when the narrower axis field at 155 kV. was used. 


Measurements in pelvic phantoms. — Pelvic bones and femora were 
embedded in the phantom used, and the measurements were made in 
a horizontal plane anteriorly at a level of about 1 cm below the superior 
margin of the symphysis pubis, posteriorly about 2 cm cranially to the 
tip of the coccyx, and laterally roughly through the acetabulum and the 
neck of the femur. 

As already pointed out, it was hoped it would be possible, to some 
extent, to level out the considerable influence of the massive pelvic 
bones on the dosage distribution. 

The accompanying tables show a comparison between our results of 
irradiation at a target-axis distance of 85 cm, HVL 3.5 mm Cu, and those 
obtained by Howarp NIELSEN at a target-axis distance of 50 cm and 
HVL of 0.7 mm Cu in a homogeneous phantom and a phantom with 
embedded pelvic bones, respectively (cf. /2/, figs. 71—73 and 87—90; 
3/, figs. 5 and 7). 


Table 1 
Pelvic phantoms 


The axis dose (Dx) expressed as a percentage of the free air dose (I) at target-axis distance 
(T. A.D.) and the maximum surface dose expressed as percentages of the maximum dose in the 
interior of a homogeneous pelvic phantom and a phantom with embedded pelvic bones (HVL 
0.7 mm Cu, target-axis distance 50 cm) compared with the conditions of irradiation at HVL 
3.5 mm Cu, target-axis distance 85 em, centring in the middle, 360°. 


max / 
kV. HVL T. A. D., D,/ I, 
in cm in per cent in per cent 
Width of axis field, in em... 5 10 5 10 
Homogeneous phantom ....... 155 0.7 50 54 76 46 60 
Phantom with bones ......... 43 OS 
400 3.5 85 53 67 35 55 


Table 1 gives the previous results at 155 kV. compared with those of 
the present investigations. It shows that an increase in the axis dose and 
a reduction of the maximum surface dose were obtained, so that the 
conditions approached those of the homogeneous pelvis at 155 kV. As 
will be seen from table 2, this phenomenon was most pronounced at a 
rotation angle of 180° with irradiation over the anterior and posterior 
aspects of the phantom, which, moreover, resulted in a reduction of 
the maximum surface dose. 
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Diagram 3. Isodoses in pelvic phantom, plane through the 
symphysis pubis, 360°, centring in the middle, axis field 5 em 
(D,/I1 = 53 per cent). 


5 70 
cm 


Diagram 4. Isodoses in pelvic phantom, plane through the 
symphysis, 360°, centring in the middle, axis field 10 cm 
(D,/1 = 67 per cent). 


The course of the isodose curves is shown in diagrams 3 and 4. Our 
curves have widened in the frontal plane as compared with those ob- 
tained by Howarp NIELSEN in his original experiments, in which they 
were hourglass-shaped. Just as was the case in his experiments, a split 
maximum is still present after the adoption of a wider axis field, but the 
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Table 2 


Same conditions as in table 1, but with a rotation angle of 180° over the anterior and 
posterior aspects of the phantoms 


Anterior aspect Posterior aspect 
max max 
incm = jin percent in percent in percent in per cent 
Width of axis field, in - 
10 10 5 10 5 10 
phantom .......... 155 0.7 50 49 70 65 78 49 70 65 78 
Phantom with bones. 400 3.5 85 48 69 54 65 48 67 57 66 


ventral dose maximum has been distinctly diminished as compared with 
the central one (/3/, fig. 7). 

The considerable dose ventrally and dorsally is undesirable in most 
cases of cancer of the cervix uteri, in which the urinary bladder and the 
rectum should be spared to the greatest possible extent, whereas a vigor- 
ous dose should be delivered laterally to possible infiltrations in the 
parametria. Consequently, an attempt was made to “turn” the dose 
maxima 90° from the sagittal to the frontal plane. 

Irradiation of one lateral aspect of the pelvis (rotation angle 90°) 
gives a dose maximum situated laterally to the centre on the inner side 
of the pelvic wall, 7. e., corresponding to the situation of the parametrium 
(diagram 5). Moreover, as shown in table 3, D,/1 and the maximum sur- 
face dose at 400 kV. approach the values obtained in the homogeneous 
pelvis at 155 kV. 

A combination of two rotations, 90° over each of the lateral aspects, 
gave a maximum in each of the parametria and isodose curves forming 
transverse ellipses (diagram 6). D,/I increased, and the maximum sur- 


Table 3 


Same conditions as in table 1, but with a rotation angle of 90° over the lateral aspect of 
the pelvis 


max 
ev. | nv, 


= ce in per cent in per cent 
Width of axis field, in cm ........... 5 5 
Homogeneous phantom ...........+-+++ 155 0.7 50 43 60 
155 0.7 50 26 90 


Phantom with bones 
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Diagram 5. Isodoses in pelvic phantom, plane through the sym- 
physis, rotation angle 90° over the lateral aspect, centring in the 
middle, axis field 5 em (D,/I = 33 per cent). 


Diagram 6. Isodoses in pelvic phantom, plane through the sym- 
physis, combined rotatory irradiations, 90° from either side, axis 
field 5 em (D,/I = 33 per cent). 


face dose was reduced to one half (/2/, fig. 126). In order to show the 
importance of the higher HVL, D,/D,. x 100, corrected for the variable 
target-axis distance, is also indicated in table 4. 
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Table 4 


Same conditions as in table 1, but combined rotatory irradiation, 90° from either side 


incm | in percent in per cent | in per cent 
Width of axis field, in em ... 5 5 
2 
Pelvic pl ym with bones... 155 0.7 00 2b 30 11 cami 
155 0.7 85 127 
Pelvic phantom with bones... 400 3.5 85 33 45 299 


However, diagram 6 shows that the dose in the neck of the femur 
was of a considerable size (60 per cent). 

This is an undesirable effect, because osteonecrosis of the neck of 
the femur is a well-known complication in irradiation therapy of the 
pelvic region. In order to try to diminish the danger of this complication, 
the experiment was repeated with rotatory irradiation over the lateral 
aspect, but this time with shielding of the trochanteric region by lead 
sheets, 5 X 15 cm, of a varying thickness ranging from 1 to 12 mm. 
These measurements showed that the ratio between the dose delivered 
to the parametrium (6 cm lateral to the centre) and that delivered to 
the neck of the femur (12 cm lateral to the centre) had a maximum for 
a thickness of 8 mm lead, for which reason this thickness was chosen 
for the shield. 

Table 5 

Comparative survey of cross-fire irradiation, rotatory irradiation and combined 

treatment 


Total I: Cross-fire treatment supplemented with 3,000 r (free air) delivered by 90° rotation over 
both lateral aspects without lead shielding. Total II: Same procedure with lead shielding. 


Dosage in roentgen units 


Free Para- Femoral Blad- Rec- 


Centre Skin 
air metrium neck der tum 


Cross-fire irradiation, HVL 1.35 mm Cu, 9,400 3,800 2,700 740 4,000) 3,660 3,000 
(five fields) 170 kV. 


HVL 3.5 mm Cu, |15,000 5,000! 5,500 3,500 2,400 2,100) 2,400 
400 kV., 


Rots y irradia- 
otatory irradia without lead 


tion, 290°, over 
both lateral aspects HVL 3.5 mm Cu, 15,000) 4,800 3,400 1,500 | 3,900 1,800)| 2,400 
400 kV., 
with lead — 
Combined treatment Total I | 12,400; 4,800 3,800 1,440 | 4,500, 4,080 3,500 


Total II 12,400 4,760 3,400 1,040 4,800, 3,900 3,500 


) 
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Table 5 is a comparison between rotatory irradiation (90°) over the 
lateral aspect of the pelvis with and without 8 mm lead shields and the 
method of five-field irradiation which has so far been used at the Radium 
Centre (Kress). As a supplement to radium therapy, our patients with 
cancer of the cervix uteri receive roentgen irradiation to the parametria 
through two ventral, two dorsal and one perineal field. For this purpose 
a radiation quality with HVL 1.35 mm Cu has been employed. The 
doses listed in table 5 are the sum of the doses through each of the five 
fields calculated on the basis of depth dose curves (EXNER and Packarp). 

As will be seen, 90° rotation therapy alone without lead shielding 
cannot be used, because the great advantages which would otherwise be 
derived from this method are outweighed by the large dose delivered to 
the neck of the femur. By shielding the trochanteric region with 8 mm 
lead this heavy irradiation to the neck of the femur is diminished, and as 
compared with the aforementioned method of five-field irradiation, the 
following advantages are obtained: the central dose is considerably 
increased; the dose in the parametria is increased by 26 per cent; the 
dose in the urinary bladder remains almost unchanged; the dose in the 
rectum is reduced to one half, and also the maximum skin dose is reduced. 

Finally, table 5 makes it possible to formulate a number of com- 
bined irradiation programmes. If, for example, five-field irradiation is 
used, this may be supplemented with a smaller dose delivered as rotatory 
irradiation over the lateral aspects, and in this case, rotatory irradiation 
without lead shielding may be used. If we increase the dose in the neck 
of the femur to slightly less than 1,500 r by delivering 3,000 r by 90 
rotation without lead shielding, the dose in the parametria (3,800 r) 
is increased by 40 per cent as compared with field irradiation alone 
(2,700 r). 


Comment 


Obviously, it will take several years before it will be possible to 
appreciate the value of a changed method of irradiation. However, the 
measurements presented here seem to suggest that a change in the HVL 
from 0.7 to 3.5 mm Cu will give only limited advantages in rotatory 
irradiation of thoracic lesions, of which a milder skin reaction may be 
supposed to be the most conspicuous. 

On the other hand, it appears to be possible to derive appreciable 
advantages from this form of therapy in the pelvic region. The ratio of 
the axis dose to the surface dose can be materially increased, and a more 
appropriate dosage distribution obtained. 

As recurrence of cancer of.the cervix uteri is most frequently situated 
in the lateral portion of the pelvis, it is of great importance that the dose 
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in the parametria in 90° rotation therapy can be increased to such a 
considerable extent as has been shown. It must be admitted that the 
dose in the bladder is almost unchanged, but in combined radium and 
roentgen therapy bladder reactions are a less frequent and less trouble- 
some complication than is the irritation of the intestine (8), in which the 
roentgen dose can be reduced to one half. 

The question remains if it may prove dangerous to increase the dose 
in the neck of the femur from about 740 to 1,500 r. The aforementioned 
five-field irradiation has not been complicated by late osteonecrosis of 
the neck of the femur, but the phenomenon is not unknown when irradia- 
tion of lateral fields of the pelvis constitutes part of the field irradiation 
(Puttipp, TRUELSEN). In our opinion, the risk of irradiation damage to 
the neck of the femur will not be essential in comparison to the con- 
siderable advantages which it will otherwise be possible to obtain. How- 
ever, this presumably does not apply to old patients in whom the 
low degree of vascularity in the neck of the femur may be further im- 
paired. In such patients it will be reasonable to use five-field irradiation 
only. Finally, further application of rotatory irradiation to the lateral 
aspects of the pelvis should be used sparingly or not at all, if a recurrence 
after the first course of rotatory therapy should necessitate repeated 
irradiation. 


SUMMARY 


Rotatory irradiation at 400 kV (HVL 3.5 mm Cu) is compared with rotatory irradia- 
tion at 155 kV (HVL 0.7 mm Cu) and with the cross-fire irradiation so far used, as a 
supplement to the radium treatment of cancer of the cervix uteri. 

It seems as if appreciable advantages may be obtained only in irradiation of the 
pelvic region, in which the use of the harder radiation (HVL 3.5 mm Cu) makes it pos- 
sible almost completely to eliminate the influence of the massive pelvic bones on the 
dose distribution. By 90° rotation irradiation over the lateral aspects of the pelvis, a 
considerably higher dose may be delivered to the parametria than by means of the methods 
so far used. The possibilities of the practical application of these observations are dis- 
cussed. 


ZUSAMMENFASSUNG 


Die Rotationsbestrahlung bei 400 kV (HWS 3.5 mm Cu) wird verglichen mit der 
Rotationsbestrahlung bei 155 kV (HWS 0.7 mm Cu) und mit der Kreuzfeuerbestrah- 
lung, die insofern als eine Erginzung zu der Radiumbehandlung des Cervixkarzinoms 
angewendet werden. 

Es scheint, als ob wesentliche Vorteile bei der Bestrahlung der Beckenregion nur 
dann erreicht werden kénnen, wenn die Anwendung harter Réntgenbestrahlung (HWS 
3.5 mm Cu) es erméglicht, den Einfluss der massiven Beckenknochen auf die Dosis- 
verteilung nahezu vollig zu eliminieren. Durch Rotationsbestrahlung mit 90° iiber die 
lateralen Abschnitte des Beckens kénnen die Parametrien eine bedeutend gréssere Dosis 
erhalten als mit den bisher angewandeten Methoden. Die Méglichkeiten der praktischen 
Anwendung dieser Beobachtungen werden diskutiert. 
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RESUME 


Les auteurs comparent la roentgenthérapie rotatoire sous 400 kV (CDA 3.5 mm Cu) 
i la roentgenthérapie rotatoire sous 155 kV (CDA 0.7 mm Cu) et & lirradiation par 
feux croisés utilisée jusqu’’ maintenant comme complément de la curietherapie dy 
eancer du col de lutérus. 

Il semble que l’irradiation de la région pelvienne ne puisse présenter des avantages 
appréciables que si l'emploi de rayons trés pénétrants (CDA 3.5 mm Cu) permet d’éli- 
miner presque complétement l’influence des os massifs du pelvis sur la distribution 
de la dose. L’irradiation, avee rotation de 90°, sur les faces latérales du bassin permet 
de délivrer aux paramétres une dose considérablement plus élevée que par les méthodes 
en usage jusqu’’ maintenant. Les auteurs examinent les possibilités d’application pra- 
tique de ces observations. 
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FROM THE DEPARTMENT OF RADIOTHERAPEUTICS (DIRECTOR: PROFESSOR J. 8. MITCHELL), 
UNIVERSITY OF CAMBRIDGE, ENGLAND 


EXPERIENCE WITH THE 30 MeV SYNCHROTRON AS 
A RADIOTHERAPEUTIC INSTRUMENT 


I. Development, calibration and instrumentation 
by 


J.S. Mitchell, C. L. Smith, D. J. Allen-Williams and 
R. Braams 


The 30 MeV Synchrotron provided by the Medical Research Council 
was installed in the building designed for it in the Radiotherapeutic 
Centre, Addenbrooke's Hospital, Cambridge, during November 1949. 
It first operated with a very low output on 23rd December, 1949. Con- 
siderable effort has been needed to persuade the machine to work with 
sufficient reliability to justify its use in the treatment of patients with 
a minimal practic ‘able inte nsity of roentgen — in the filtered 
beam in the region of 5—10 ‘r’ per minute at F. 8. D. 1 metre. The 
problems of developing the 30 MeV electron sync Sita for routine 
use in radiotherapy appear to be still far from solved. We have only 
been able to treat 5 patients between May, 1951 and March, 1952. 

The main aim of this investigation is to assess the value of 30 MeVp 
roentgen-rays in radiotherapy. It is also nec essary to reach a decision 
as to the value of the 30 MeV synchrotron as a radiotherapeutic in- 
strument. 

Realizing the present limitations of our machine, we concentrated 
on the treatment of a few patients with lesions in partic ular sites, for 
which radiotherapy by conventional methods would have been unsatis- 
factory. In all but one case, the treatment was radical aiming at cure. 
When the roentgen output has been too low for clinical use, we have 
carried out experiments and made measurements. The development of 
the techniques necessary for the application of the synchrotron to prac- 
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tical radiotherapy has been a slow process. From the point of view 
0 


in 
development, we have concentrated on electronic instrumentation both Re 
to improve and facilitate the working of the synchrotron and to improve be 
the accuracy and ease of measurement of its output. Most of the working 
time has been devoted to investigations of dosimetry, and related physi- bi 
cal experiments including studies of photo-nuclear processes. Radio- in 
biologic experiments have been started. Special attention has been in 
devoted to accurate energy (megavoltage) calibration and the measure- a 
ment of depth doses and isodose curves in phantoms. si 
cl 
General Principles of the Action of the Synchrotron by 
Megavoltage roentgen therapy is a logical step in the attempt to : 
improve the results of the radiotherapy of malignant tumours which | tl 
are in general only accessible with difficulty. It was made possible by m 
the technical development of devices for the acceleration of charged tl 
particles including electrons to very high energies, primarily for research fi 
in physics. From the present point of view, the most important stage ct 
was the practical development of the betatron in 1940 by Kerst (1941). v 
The synchrotron can be regarded as a development from the betatron. s| 
The betatron is a machine which makes use of a varying magnetic e 
field to induce circular electric lines of force which accelerate electrons € 
in circular paths in an evacuated ringshaped tube, the so-called ‘donut’. a 
The electrons are liberated from the filament of the ‘injection gun’. a 
The betatron thus has a large alternating current magnet and its mode g 
of action is similar to that of a high-tension transformer in which the h 
secondary coil is the circulating electron stream in the donut. It is nec- 
essary that the average field strength within the electron orbit is al- ( 
ways twice that at the orbit (WIDERGE 1928, KeERst 1941). By means g 
of specially shaped magnet pole-pieces, the variation of the magnetic } 
field is arranged so that the electrons continue to travel in a stable 1 
circular orbit. The accelerated electrons are very nearly monoenergetic. ¢ 
When the electrons have been accelerated to the required energy, the 1 


orbit is expanded by sending a current pulse through coils on the sur- 
face of the poles, thus modifying the central and guiding fields. The 
electrons then collide with a suitable target and generate the roentgen- 
ray beam. Kerst and his colleagues (SkaGas, ALMy, Kerst and LANzL 
1946) succeeded in extracting the electron beam from the betatron. The | 
fast electrons from a betatron working up to 6 MeV have been used 
in radiotherapy at Gottingen (KEpP 1950, 1951). However, most beta- 
trons are used to produce roentgen rays. 

The principle of the synchrotron was suggested independently by 
McMILLAN (1945) and VEKSLER (1945), but was first successfully applied 
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in 1946 when GowaRD and Barnes (1946) at the Telecommunications 
Research Establishment, Great Malvern, converted a 4 MeV Kerst 
betatron into a synchrotron working first at 8 MeV and later at 14 MeV. 

In the synchrotron the electrons must be pre-accelerated, usually 
by initial betatron action, to a velocity nearly that of light; then taking 
into account relativity, further increase in energy is associated with 
increase in mass while the velocity remains substantially constant at 
a value which is very nearly equal to that of light. It is therefore pos- 
sible to increase the energy of the circulating electrons by the syn- 
chronous application of a high frequency electric field. This is supplied 
by a quarter-wave radio-frequency resonator through which the electrons 
pass on each revolution. The radio-frequency field has an electric com- 
ponent tangential to the equilibrium orbit and its wavelength is made 
the same as the circumferential length of the equilibrium orbit. The 
magnetic field is increased and keeps the electrons in their orbit. When 
the radio-frequency electric field is switched off, well before the magnetic 
field has reached its maximum value, the still increasing magnetic field 
contracts the circular path of the electrons until they finally collide 
with the “target’’ which is a tungsten rod, and in the process of being 
slowed down produce roentgen rays (Bremsstrahlung) with a maximum 
energy equal to the energy of the electrons. The theory of the syn- 
chrotron has been examined by Boum and Fo.tpy (1946), DENNISON 
and BERLIN (1946), WipERGE (1948) and Gowarp, LAwson, WILKINS 
and CARRUTHERS (1950). A useful account of the synchrotron has been 
given by Fry (1949) and recently the subject of electron synchrotrons 
has been reviewed by THomMAs, KRAUSHAAR and HALPERN (1952). 

It is important to mention the development of linear electron ac- 
celerators (Fry, HARviE, MULLETT and WALKINSHAW 1947, 1948; Fry 
and WALKINSHAW 1949; SLATER 1948, 1952) which can produce much 
higher roentgen intensities than betatrons and synchrotrons, and from 
which it is much easier to extract the electron beam. The linear ac- 
celerator will probably find its greatest use in radiotherapy in the range 
from 3 to 20 MeV. 


Applications of High Energy Roentgen Rays to Radiotherapy 


With the practical development of the betatron and the possibility 
of other types of electron accelerator, great interest was aroused in the 
therapeutic applications of high energy roentgen radiation and elec- 
trons. Probably similar ideas about these developments arose simul- 
taneously in several places. These problems were discussed with special 
reference to the suitability of 20—50 MeV roentgen radiation for thera- 
peutic application by MircHELL (1946 a & b). The advantage of 20—50 
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MeV roentgen rays over the conventional 200 kVp roentgen rays was 
demonstrated in the case of the approximate axial dosage distribution 
to be expected with two opposing co-axial fields. It was pointed out 
that there appears to be no advantage in using energies above 50 MeV 
and there is the disadvantage that at higher energies than 50 MeV the 
transverse diameter of the useful field is becoming too small. 


Following earlier work in this country on the conversion of a betatron to a synchro- 
tron, a 30 MeV electron synchrotron was constructed (Fry, GALLop, Gowarp and Dar 
1948). Two similar machines were built for the Medical Research Council by the English 
Electric Co., Ltd., and allocated for clinical trials at the Royal Cancer Hospital, London 
and at Cambridge. The donuts and associated electrodes were made by the 
Electric Co., Ltd. 

Short reports on the clinical use of these two 30 MeV synchrotrons were included 
in the Annual Report of the British Empire Cancer Campaign for 1951 (p. 39, 49, 289). 
An account of measurements of radiations from betatrons and synchrotrons has been 
given by MayNgeorp and Martin (1950). 


General 


Some Details of the 30 MeV Synchrotron 


The synchrotron was designed to produce roentgen rays at 30 MeVp 
with a mean intensity of about 10 r per minute at F. 8. D. 1 metre. 
The machine has been described by Fry, GALLop, Gowarp and Darn 
(1948) and Fry (1949); the specification was the subject of a report 
by GowarpD, GALLOP ~ Darin (1947). Detailed technical description 
is not necessary here. A diagrammatic cross section of the synchrotron 
in the plane of the electron orbit and roentgen ray beam is given in 
Figure I. 

The radius of the equilibrium orbit for both the initial betatron 
action and the main synchrotron action is 10 cms. The magnet provides 
a peak field of 10,000 gauss at the orbit. The maximum energy is given 
by the relation: 


= 300 Feme. 
and thus for the above values is 30 MeV. The magnetic field in the region 
of the orbit varies approximately as (radius) °*. The magnet weighs 


about 3 tons and in the Cambridge synchrotron is divided horizontally 
in the median plane so that after unbolting, the upper half can be 
removed to allow free access to the donut and electrodes. The electrons 
are initially accelerated by betatron action up to about 4 MeV, which 
corresponds to a velocity 0.994 that of light, using a small iron core 
which saturates at a field corresponding to that energy. Then the synchro- 
tron action takes over when the alternating field across the gap in the 
resonator is energised by the constant radio-frequency generator. The 
resonator is a quarter-wave -long, co-axial line with a hollow internal 
conductor through which the electrons pass, and is excited at 477 Mes/ 
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ELECTRON INJECTION! GUN 


PUMPING ARM 


Flux return poths 


Fig. 1. Diagrammatic section through the synchrotron in the plane of the electron 
orbit and the roentgen ray beam. 


SCALE: 10 20 30 INCHES 


4 


sec. The resonator actually supplies about 10 volts per revolution to 
the electrons but the voltage across its gap must be substantially greater 
than this, namely about 100 volts to obtain stable synchronous operation 
and acceleration of a large fraction of the electrons. The electron in- 
jection gun is based on Kerst’s original design. The cathode is a helix 
of ', mm tungsten wire, 15 mm long, enclosed on three sides by a grid 
box. At present the maximum injection energy has been limited to about 
45 kV. The target is a 2 mm diameter tungsten rod supperted vertically 
at a radius of about 8 cm. In our synchrotron there are no contractor coils. 

Much further development is needed on the design ef the ‘donut’ 
and particularly on its internal conducting coating, the properties of 
which appear to be the factor most essential to the successful working 
of the synchrotron. 

A point of interest is that in the present 30 MeV synchrotron, the 
energy lost by radiation per electron revolution is approximately 0.778 
e V; most of this radiation is of wavelength in the region of 3 uw. 


. 
wal 
Aur cooling holes 
TUFNOL COLUMATOR \ 
\ / NA A 
Hinged 
~ supports 
j 
Field defining TARGET © \ FREQUENCY 
lead insert dra tungsten) RESONATO 
stueiding wall hugh \ 
\ 
| 


Many features of the practical operation of the synchrotron are 


summarised in diagr: am 2. 
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Fig. 2. Block diagram of the operation of the synchrotron. 


Investigations and Development Preparatory to the Use of the 


Synchrotron in Radiotherapy 


Energy calibration 


The method of energy (megavoltage) calibration used routinely 
depends upon measurement of the magnetic field strength at the time 
of collision of the electrons with the target. For a given magnet current 
the final energy of the electrons depends upon the duration of the radio- 
frequency pulse. The dependence of the magnetic field strength on the 
magnet current has been measured with a small search coil. 
form of the voltage induced across the search coil was obtained photo- 
graphically by means of a cathode ray tube. The meter giving the length 


of the radio- -freque ney pulse ‘was calibrated with the aid of a cathode ray 
tube displaying the cycle of events on a time base. Considerable difficulty 
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was found in interpreting the meas- 40 
urements until it was found that the | 
frequency of the internal calibrating 
oscillator changed after being trig- 
gered at zero magnetic field, during 
the first few cycles (BRAAMS 1952). 

The results of the energy calibra- 30) 
tion by this method have been con- 
firmed by measurements of the thresh- 
olds for photo-neutron reactions 
and by data obtained from measure- 
ments of photo-disintegration stars 
in nuclear photographic plates. 

For the reaction C™ (y, n) C", no 
experimental values for the thresh- 
old are available since most authors 
have used this isotope for energy cali- 
bration. The masses of the nuclei in- 
volved are all known accurately and 
from these is deduced the value of 
18.7 MeV for the threshold. The thresh- 
old values found experimentally 
for the reaction O* (y, n) O show I 
considerable divergence. BALDWIN 
(1946) gives 16.3 +0.4 MeV, STEPHENS 0 2 3 4 
et al. (1951) give 15.6 + 0.2 MeV and 
JOHNS et al. (1950) give 16.5 MeV. 

The value calculated from the known _ Fig. 3. Calibration of the maximum 
masses is 15.58 + 0.08 MeV. The energy. 

value accepted here was 15.6 MeV. 

For the reaction Fe (y, n) Fe, the most recent value of the threshold 
is 13.8 + 0.2 MeV given by McELHInNEy (1949); this is slightly lower 
than the value of 14.2 + 0.4 MeV given by BALDWIN and KLaIBER (1946). 
The threshold for the reaction Cu® (y, n) Cu® has been determined by 
many workers; most authors agree on the value of 10.85 + 0.05 MeV. 
The agreement between the curve calculated from the magnetic field 
measurements and the experimentally determined photoneutron thresh- 
olds is satisfactory. (See Figure 3.) 

At higher energies, the calibration has been confirmed by measure- 
ments on the photodisintegration of C, N and O atoms in photographic 
plates (SmirH and LIvEsEY 1952). These experiments involve an enormous 
amount of work. For the study of the disintegration of C and O atoms 
into a particles, Ilford C, nuclear emulsions were irradiated. With the 
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aid of known range-energy relations, the total energy of the particles 
involved in a disintegration was measured and momentum balance was 
used for checking in each case. The total energy added to the threshold 
should give the energy of the incident photon. The number of stars is 
then plotted against photon energy. For example, for a magnet current 
of 157.5 amps, the value obtained by this method for the maximum 
photon energy is 31.5 + 0.5 MeV. 

It is concluded that the experimental error in the routine maximum 
energy calibration in the region of 30 MeV is + 0.4 MeV. 


Instrumentation 


A number of developments in the field of electronic instrumentation 
have been made to improve the efficiency and ease of working of the 
synchrotron and the accuracy and ease of measurement of its output 
(ALLEN-WILLIAMS 1952). Many of these instruments may be capable 
of general application in radiotherapy. To combat the effects of vari- 
ations in mains frequency and voltage, a circuit for what has been called 
an ‘electronic thumb’ has been devised which will automatically operate 
the tuning choke relays. A device which we have found useful is an 
audible dose-rate meter, which produces a note whose pitch varies with 
the roentgen output. A stable and easily transportable battery-powered 
amplifier has been used for many routine measurements of ionisation 
currents; essentially the circuit is a double cathode follower. This circuit 
has been applied in the dose rate meters and in the integrating dose- 
meters. (See Diagram 4.) 

The first method of obtaining the integrated dose per treatment was 
by recording the output of the dose-rate meter on a linear continuous 
recording mA-meter and measuring the area recorded with a planimeter. 
Comparison measurements were made with the Victoreen 100 r chamber 
embedded in the standard Perspex cube to be described in Part II. 
We have permanent records of this type for every treatment carried out 
so far with the synchrotron. 

An interesting type of dose integrator makes use of an electrolytic 
cell (SmirH 1952). A suitable electronic circuit forces a current through 
the cell which is substantially independent of variations in cell resistance 
and proportional to the monitor ionisation chamber current, and hence 
to the roentgen dose rate. The gas evolved from the electrolyte (2N 
sulphuric acid) is measured by the displacement of the electrolyte up 
the U-tube. 

A third type of dose integrator using the electro-mechanical Velodyne 
principle (WiLtt1aMs & UtTLey 1946) has been designed and _ tested 
during the early treatments; .it has the advantage of stability and is 
probably the best of the three methods described. 
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Fig. 4. Basic circuit diagram of the double cathode follower “amplifier”. 


Surprisingly good agreement has been found between the measure- 
ments with the three types of integrating dose meter. 

It seems that the best method of monitoring the output of the syn- 
chrotron is to have a dose rate meter, which need not be accurate but 
must be stable, and an accurate integrating dose meter. These two 
instruments should be driven from ionisation chambers placed directly 
in the beam between the target and the patient. 


Compensating filter 


The depth dose distribution from the unfiltered roentgen ray beam 
is not very suitable for practical radiotherapy and as will be discussed 
later; it is desirable to use a conical compensating filter to give flattened 
isodose surfaces (ADAMs et al. 1948, QUASTLER et al. 1949, JoHNs et al. 
1949, 1952, LAUGHLIN et al. 1951, Scutnz & WIDERGOE 1952). For this 
filter, we have used copper, the absorption of which has a flat minimum 
in the region of 8 MeV with a slow increase at higher energies up to 
30 MeV and a rapid increase at energies below 2 MeV (cf. HEITLER 
1936, Wire 1952). Copper also has the advantages that it is easily 
obtainable and readily machinable. 
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13-Omm The dimensions of the crogsg 
section of the conical compen- 
| — er = sating filter used are shown in 
| | 1] Figure 5. Its position in relation 

| | to the target and collimator js 


| | shown in Figure I. The compen- 
E | sating filter reduces the axial in- 

| © | tensity of the roentgen ray beam 


| 

by a factor of about 1.7, 7. ¢. 
| | to 59 %, of the intensity of the 

| | +t unfiltered beam. Together with 


the donut wall, it cuts out much 


| | | + of the softer radiation so that 
| | | ¢ | the energy flux in the spectrum 
| | | sg | decreases very rapidly with de- 
| ° | creasing energy below 2 MeV. In 
| the filtered and collimated beam, 


had electrons are reduced to a mini- 

mum, though some electrons are 

f produced in the air, and fast 

| photoneutrons which are produ- 

_1_! ced mainly in the copper ab- 

sorbing filter can be shown to 

Vic. 5. section of the “conical” copper make a negligible contribution 
absorbing filter. to the tissue dose. 


Beam localisation 


The most practical methods of finding the roentgen ray beam are 
by photo-activation of copper or silver foils (ALLEN-WILLIAMS and 
APPLEYARD, 1949) and by plotting readings from a small ionisation 
chamber moved by remote control across the beam usually in a water 
phantom. 


Beam collimation 

Our first collimator was very similar to that described by QuASTLER 
et al. (1949) and consisted of a stack of lead foils */s: inch in thickness 
separated by photographic mounting paper and perforated by a tapering 
aperture of suitable dimensions. The laminated structure prevents over- 
heating and cuts down eddy currents which might disturb the magnetic 
field. 

Recently for defining the field, we have used interchangeable ap- 
plicators which are diaphragms 15 cm thick made of lead shot em- 
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Fig. 6. Arrangements used for the treatment of a patient with an 
intracranial tumour, including the beam directing device. 


bedded in a moulded resin glue — Araldite — as suggested by WIDEROE, 
and perforated by tapering apertures of suitable sizes. The density of 
this material was 6.6—6.7. 

The collimator is aligned by radiography with the roentgen ray beam 
and the position is checked by ionisation chamber measurements. 


Beam direction 

The beam directing device is shown in Fig. 6. It is removed im- 
mediately before treatment. The most important feature is that the 
adjustable Perspex entrance and exit points on the beam axis are carried 
at the ends of brass tubes which can be aligned radiographically. This 
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method of alignment is capable of considerable precision; for example, 
with F. 8. D. 100 cms, an inaccuracy of rather less than 1/2 mm at 
either pointer could be detected. 


Arrangements for the treatment of the patient 


The special factors to be considered in the case of the synchrotron 
are the fixed roentgen ray beam, the rather low dose rate and the noise 
produced by the magnet. 

The fixed nearly horizontal beam is inconvenient but is not an in- 
superable problem and necessitates the particularly careful use of the 
classical routine methods of beam direction and location. The dose rate 
of 5—10 ‘r’ (see Part Il) per minute is in the same region as that of 
many teletherapy units and of roentgen therapy apparatus in the earlier 
stages of development. The treatment times required are rather longer 
than desirable for many of the patients. Previous experience with these 
problems suggested that it is essential to have the patient resting com- 
fortably during treatment in a position of equilibrium on a properly 
designed couch, or in some cases a dental chair, with the necessary 
mobility, fine adjustments and really comfortable clamping devices. 

The noise of the machine has not proved to be a serious disadvantage; 
on the contrary some of the patients seem rather to like it. We have 
used wax earplugs for the patients and acoustic screens but probably 
neither of these measures is usually necessary. 

An example of the arrangements used for the treatment of a patient 
with an intracranial tumour is shown in Figure 6. 


Discussion 


This paper deals with the developments which were necessary as a 
basis for preliminary dosimetric studies and for the adaptation of the 
30 MeV synchrotron for use of the high energy roentgen ray beam in 
clinical radiotherapy. 

The energy (megavoltage) calibration presented initial difficulties 
which appear to have been solved. The results obtained are confirmed 
by the measurements of the thresholds of the photo-neutron reactions 
in carbon, oxygen, iron and copper, and for higher energies are supported 
by data obtained from measurements of photo- -disintegration stars in 
nuclear photographic plates. Accurate energy « calibration is essential for 
the measurement of the depth doses and isodose curves. 

It is suggested that the methods developed here for monitoring the 
roentgen output and for recording the doses delivered are capable of 
more generai application in radiotherapy. 
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SUMMARY 


The main aim of this investigation is to assess the value of 30 MeV,, roentgen rays in 
radiotherapy. The 30 MeV synchrotron provided by the British Medical Research Coun- 
cil was installed at the Radiotherapeutic Centre, Addenbrooke’s Hospital, Cambridge 
in November 1949. The general principles of the application of high energy roentgen 
rays to radiotherapy are discussed. Some details of the 30 MeV synchrotron are given. 

' The paper summarizes the development preparatory to the use of the synchrotron 
in radiotherapy. Special attention has been paid to accurate energy (megavoltage) 
calibration and developments in the field of electronic instrumentation. Some of these 
developments appear to be capable of general application in radiotherapy. 


ZUSAMMENFASSUNG 


Das wesentliche Ziel dieser Untersuchung ist, den Wert der 30 MeV Réntgen- 
strahlung fiir die Radiotherapie festzustellen. Der 30 MeV Synkrotron, den der British 
Medical Research Council zur Verfiigung stellte, wurde im November 1949 im Radio- 
therapiezentrum des Addenbrooke Krankenhauses in Cambridge installiert. Die Grund- 
prinzipe der Anwendung energiereicher Réntgenstrahlen in der Radiotherapie werden 
besprochen. Einige Einzelheiten des 30 MeV Synkrotrons werden beschrieben. 

Im Aufsatz wird die Entwicklung, die der Anwendung des Synkrotrons in der 
Radiotherapie vorausging, zusammenfassend beschrieben. Besondere Aufmerksamkeit 
wurde auf die Genauigkeit der Energiekalibrierung (Megavolt) und die Fortschritte auf 
dem Gebiete der elektronischen Instrumentierung gerichtet. Einige dieser Fortschritte 
scheinen zur allgemeiner Anwendung in der Radiotherapie geeignet zu sein. 


RESUME 


Le principal objet de ces recherches est de déterminer |’intérét en radiothérapie des 
rayons roentgen de 30 MeV,,.... Le synchrotron fourni par le British Medical Research 
Council a été installé au Centre de Radiothérapie de |’ Hopital d’Addenbrooke, & Cam- 
bridge, en Novembre 1949. Les auteurs étudient les principes généraux de l’application 
des rayons roentgen de grande énergie 4 la radiothérapie. Ils donnent quelques détails 
sur le synchrotron de 30 MeV. 

L’article résume les travaux préparatoires 4 l'emploi du synchrotron en radiothé- 
rapie. Une attention particuliére a été accordée a la détermination exacte de ]’énergie 
(mégavoltage) et aux progrés dans le domaine de l’instrumentation électronique. Certains 
de ces progrés paraissent aptes & une application générale en radiothérapie. 
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FROM THE INSTITUTE OF RADIOPHYSICS (DIRECTOR: PROFESSOR ROLF SIEVERT), 
KING GUSTAF V JUBILEE CLINIC, STOCKHOLM, SWEDEN 


SOME OBSERVATIONS ON THE RELATION BETWEEN 
RADIATION DOSE MEASURES AND BLOOD CHANGES 
by 


Matts Helde and T. Wahlberg 


Various investigations concerning the connexion between irradiation 
and blood pictures have given rise to many contradictory conclusions. 
For that reason there has been much doubt about the value of the blood 
picture as an indicator of physiologic irradiation effects. 

In view of the clear correlation between irradiation risks and blood 
changes established 7. a. by Swedish observations a closer examination 
of the matter seems to be called for, the more so as the Swedish material 
long ago was found to include some incompatible observations. 

In a preceding paper HELDE (1) has shown how the incidence of some 
types of blood changes in persons occupied with roentgen ray work rises 
with increasing ray risks, when the risks are estimated from observed 
radiation ‘intensities’ and the extent of the work. However, a com- 
paratively small group in HELDE’s material presented a blood change 
rate quite different from that of the rest in the same risk class. The 
subjects comprised in this group received an additional dose per week 
in their work, which was only a few times greater than natural radiation. 
Though these subjects were included in the lowest risk class, the fre- 
quency of their blood changes was practically the same as that of the 
highest class and was significantly higher than that of the normal ma- 
terial. The more material we obtained in this special group, the more 
statistically valid was the observation. 

The statements and conclusions published by the authors are the result of their 
own studies and do not necessarily reflect the opinion or policy of the Institute of Radio- 
physies. 

Paper read before the Swedish Radiological Society, May 13, 1953; submitted for 
publication, May 15, 1953. 

28—531927. Acta Radiologica. Vol, 40. 


chnik 
‘Ts. 93 

} 

} 


436 MATTS HELDE AND T. WAHLBERG 


With respect to the ‘impregnable’ and fundamental position of g 
weekly tolerance dose, these conflicting data seemed to expose a most 
unsatisfactory state of the protection problem. In order to examine 
this aspect of the matter we have tried to find some more such groups 
with different irradiation conditions between each other, but with uni- 
form irradiation conditions within each group. 

It has been possible to isolate another ten such groups in the total 
material. 

The groups only include persons who are mainly whole-body ir- 
radiated. Four of the groups refer to industrial roentgen installations 
(1, 4, 5 and 11), five to odontologic (6, 7, 8, 9 and 10), and two to medical 
ones (2 and 3). The operative tube voltage used in these installations 
was between 50—100 kV. 


The weekly dosage — blood changes 


In the next and following figures the ordinate indicates the number 
of changes of any one of the types listed below (as being the best indi- 
cators) divided by the number of investigations. 

a) Leukocytopenia, < 4,000. 

b) Shift to the left, the ratio rod forms/segm. neutrophils = 0.15. 

c) Relative lymphocytosis, > 45 °%. 

d) Pathologic lymphocytes or hypersegmented neutrophils. 

The abscissa indicates the dose per time unit. The time units are 
given in the several figures. 

The doses are calculated from direct radiation measurements, or 
from experimentally obtained iso-dose diagrams combined with infor- 
mation on the relevant working conditions. Due to the uniformity of the 
irradiation conditions within each group, these calculations must be 
considered more correct than most of the corresponding dose calcula- 
tions in our routine inspection work. 

The number of blood tests and subjects in the several groups are 
respectively: 

0) normal material 410—410 


1) 133— 43 Available data as to the 
2) 149— 35 irradiation conditions sug- 
3) 953—248 gest a special grouping in 
4) 33— 3 Diagram 1 for the groups 
5) 290— &8& 6—10. 

6) 29— 19 6) 38— 28 
7) 98— 78 7) 98— 79 
8) 196—171, In Diagrams 2 and 3 In Diagram 1, 8) 211—186 


9) 292—221 
10) 89— 82 
62— 13 


9) 248—196 
10) 109— 
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A B 


Blood 

}changes “ 
60} 
20+ 
10} 

1 10 10 


Diagram 1. In A the natural radiation (average value 0.01 r per week) 
is excluded, in B included. 


Diagram 1 shows that six groups receive an additional weekly dose 
below the natural irradiation. Five of these groups present a signif- 
icantly higher blood change incidence than the normal material. All 
the groups of the material receive an additional weekly dose below 
0.3 r per week and nine 0.1 or less. 

Further, it will be seen from the diagram | A that not even a hundred- 
jold increase of the weekly dose necessarily produces an increase of the 
blood change frequency (see Groups 2, 3 and 6 versus 4 and 5). 

Hence, the correlation coefficient, 0, shows that the connexion may 
be due to chance. (For the o values, see Diagrams 1 and 2.) However, 
the doubtful correlation between blood change incidence and dose per 
week does not preclude the possibility of significance when another time 
unit is used. 

Dosage rate — blood changes 


The well-defined irradiation conditions within the separate groups 
renders possible investigation of the correlation between blood changes 
and doses referring to some other time bases. In Diagram 2 (A, B, and C) 
the time units are 1,000, 10, and 0.1 seconds respectively. 

To illustrate the results, in a new diagram (3) we have drawn lines 
between the groups (1—11) in that order which seems to be the natural 
one in Diagram 2 C. 
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Diagram 2. Natural radiation excluded. 
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Blood 
changes ow 
60 r 
20+ 
20 r 
10 
10 100 1078 10°F 10° * 10°? 10 100 
70> 
60 
50} 
40} 
tt, 
20} 
10} 
0.0) o 10 00 1078 ’ 10 100 
Diagram 3. Natural radiation excluded. 
The result of Diagram 2 C is expressed by 
I 
Blood change frequency = B = 8.3 “log I 
0 


where I is the radiation dose per 0.1 sec., and 
I, » » intercept on the dose axis. 


Regarding the above formula the following may be stated: A process 
depending on intensity must be due to interaction of processes during 
a critical time (= 1). If this critical time is short, the interaction must 
occur within a small volume (= v). When the degree of intensity is low 
the quantity of radiation is appropriately characterized by the number 
of secondary electrons per t and v. 

Where N = the average number of secondary electrons per t and », 
and 7’ = the total irradiation time, the probability (= p) of n or more 
secondary electrons per t and v may be written: 


p=l—e 


For high values of N p=1—e 


1 
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It might be pointed out that the exponent is proportional to the 
total dose. 


r 
For small values of N p=l—e *" 


This exponent shows the reciprocal arrangement of the radiation 
characterizing quantities (T and N) in the argument of the probability 
expression. 

On this basis we may write 


rT N I 
B=k “log OF, since (1 = radiation dose per r) 
7. N, Ne a 
tT 


I T 
B=kn “log—+ k “log or, if kn = 8.3 
I, 
8.3 “log T 


B=8.3 “log! 
I, n 0 


Except for the last term this equation is identical with the result 


of Diagram 2 C | expressed by B= 8.3 “log, |. 


0 


The influence of the last term is very slight. Suppose n = 4, then 
when the ratio T/T. is changed about 10,000 times there will be a 
change in B of only + 4 units (%). 

From the results obtained we are able to estimate the ‘diameter 
of the critical volume (v), within which the postulated interaction 
(during 0.1 sec.) takes place. There will be found a value in order of 
magnitude equal to the ‘diameter’ of the biologic cell. 


Conclusion 


Briefly, the results of the present investigation are as follows 

1. The blood picture may be changed by very small radiation quanti- 
ties. 

2. It is a comparatively good indicator of irradiation, if the latter 
is referred to a very low time unit. 

3. It seems to be comparatively independent of the irradiation dose 
per day, week, etc., when the doses are small, as they usually are where 
protection problems are concerned. 
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4. When referring it only to daily, weekly, etc., doses, there will 
often be contradictory results due to chance. 


If the cells of the blood-forming apparatus are liable to such ir- 
radiation effects, other cells of the system should also be supposed to 
be liable to similar action. Consequently, radiation doses received during 
very short periods must be an important factor. 

From a practical point of view as regards prevention of hazards it 
should be emphasized, that it will frequently be easier to correlate the 
safety of the personel to real dose rates rather than to doses which are 
to be received during long periods at various types, places, etc., of work. 

Another aspect of the question is, that it is technically easier to check 
doses received with reference to long than to ultra-short time units. 


It would seem to be of great interest and importance to the radiation 
hazard control, if observations such as these discussed, could be checked 
in places where there are well-defined and uniform irradiation con- 
ditions. It should be of special interest to study cases with high weekly 
doses combined with low intensities and, inversely, cases with low weekly 
doses and high intensities. 


SUMMARY 


The result is presented of an investigation into the relationship between the fre- 
quency of the blood picture changes of certain types and the irradiation received during 
various periods of time. Observations over short periods of time rather than the dosage 
per week produce a result which shows a considerably better correlation. 


ZUSAMMENFASSUNG 


Die Ergebnisse einer Untersuchung iiber die Beziehungen zwischen der Hiaufigkeit 
gewisser Typen von Blutbildveranderungen und der wahrend verschiedener Zeitraume 
erhaltenen Bestrahlung werden vorgelegt. Beobachtungen iiber kurze Zeitraume geben 
eine betrachtlich bessere Korrelation als die Dosis per Woche. 

Die von den Verf. veréffentlichten Berichte und Schlussfolgerungen sind das Er- 
gebnis ihrer eigenen Untersuchungen und geben nicht notwendigerweise die Ansicht 
oder die Einstellung des Radiophysischen Institutes wieder. 


RESUME 


Les auteurs présentent les résultats de recherches sur la relation entre la fréquence 
des modifications hématologiques de certains types et les doses de rayonnement recues 
pendant des périodes de durée variable. Les examens faits au bout de courtes périodes 
de temps donnent une bien meilleure corrélation que la mesure de la dose hebdomadaire. 
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Les affirmations et conclusions publiées par les auteurs sont le résultat de leurs 
travaux personnels et ne reflétent pas nécessairement l’opinion ou la doctrine de |’Ins- 
titut de Radiophysique. 
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BOOK REVIEWS 


PRINCIPLES OF VERTEBRAL TomMoGRAPHY. By Ingemar Bokstrém. 126 pp, 67 illustra- 
tions and 1 table. Acta radiol. Suppl. 103, Stockholm 1953. Sw. Kr. 20: —. 


Following a brief historical review, the principle of tomography is explained. Various 
technical solutions and the problems which arise are then discussed and the question 
of technique and the application of the method to the examination of the spine is considered 
in detail. 

The apparatus used in the present study is a unidirectional type of tomograph 
with amplitudes of 35° and 17°. A simple method for determining the amplitude for 
practical use is presented. The radiation dose (skin dose) in tomography of the spine 
was estimated at approximately 3 r per exposure for the dorsal spine and the a. p. pro- 
jection of the lumbar spine; the lateral projection of the lumbar spine produced 8 r per 
exposure. 

The main part of the work consists of an experimental and clinical investigation of 
the vertebral bodies in adults. The object was to assess the value of tomography as 
compared with that of the standard method in the hope of deciding whether there are 
any absolute criteria for the application of tomography — that is, whether, on the whole, 
there exist conditions in which the tomographic method may provide information that 
cannot be obtained by means of the standard examination. The experimental investigations 
included studies of the shape and the surfaces of the normal vertebral body and of arti- 
ficially produced superficial defects and fractures, and studies of the normal structure 
of the cortex and the spongiosa as well as of experimentally produced lesions in the 
latter (defects and areas of density). Most of the specimens were investigated immersed 
in water of varying depth in order to secure both favourable factors and conditions 
resembling those normally existing in respect to secondary radiation and object-film 
distance. 

For visualization of the upper and lower surfaces of the vertebral bodies, a lon- 
gitudinal movement of the tube and film is most suitable, while for the curved surfaces 
a transverse movement is preferable. In the demonstration of very small lesions of the 
upper and lower surfaces, tomography was absolutely superior to the routine technique. 
In cases of small and large fractures and of compression it provided additional valuable 
information as to the situation and degree of severity of the lesions. 

The structure of the vertebral body may be studied more minutely by the standard 
method than by tomography which produces an intensified trabecular pattern in the 
direction of the movement of the tube and film and a suppression of the others. The 
amount of secondary radiation is the factor that has the greatest effect on detail. A 
successive increase in secondary radiation reduces the structural detail until in conditions 
resembling those obtaining in the examination of the lumbar spine in the lateral projection 
in a living subject, the vertebral body is seen in the tomogram as an area of uniform 
density. This holds true with both a longitudinal and transverse movement of the tube 
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and film. In the diagnosis of small destructive lesions in the spongiosa (e. g. in myelo- 
matosis and secondary deposits) tomography has no advantage over the standard 
method. 

In the demonstration of relatively large defects in the spongeal substance, tomography 
is absolutely superior to the standard method. In the investigation of water-filled spheri- 
cal defects, 8 mm, 15 mm and 20 mm in diameter, the specimen being immersed in 6 
em of water, it was found that the routine film barely demonstrated the 20 mm defect, 
whereas the tomogram showed up the 20 mm and the 15 mm defects clearly, and, to 
some extent, the 8 mm defect. The latter size constitutes approximately the lower limit 
of the possibility of demonstrating a water-filled defect by the tomographic method. 
With increased secondary radiation, however, the tomogram failed to show up the 8 
mm defect. Transverse movement of the tube and film is superior to a longitudinal 
movement under conditions that permit visualization of the structure elements. Under 
clinical conditions in which the structure elements are barely visible or not visible at 
all in the tomograms, there is practically no difference in this respect between tomograms 
taken with the two movements. 

The smaller the diameter of transradiated bone superimposed over the defect, 
the more readily could the defect be demonstrated. Large defects were more easily dem- 
onstrated than small ones. The larger amplitude (35°) had a slight advantage over the 
smaller amplitude (17°) in demonstrating defect areas. The content of the defect is of 
great importance. When the previously water-filled defects were filled with paraffin 
(possessing a lower relative absorption than water) the routine films showed up the 15 
mm and 20 mm defects. Tomography was also absolutely superior to the standard 
method, in that the tomogram demonstrated the 8 mm defect, even under conditions 
resembling those in the living subject. Senile changes reduced the visibility of defects. 
The lateral projection is superior to the a. p. projection in the demonstration of defect 
areas, especially in the standard method. The advantage of tomography over the routine 
method is particularly evident in the a. p. projection. The best tomograms of spherical 
defects are obtained when the cuts are made at the level of and about their equators. 
For olinical purposes, one is justified in obtaining sections at 1 cm or 0.5 cm intervals. 
Intensifying screens improve the visibility of the defects. In some of the clinical cases of 
inflammatory or neoplastic destructions, the tomogram demonstrated defects which 
could not be seen or were inadequately shown up in the routine film, and the absolute 
superiority of tomography was verified. In the majority of cases the presence of the 
lesions was demonstrated by the routine investigation, but tomography revealed more 
distinctly their extent and situation, and thus showed the degree of severity of the 
lesions better than the routine technique. 

In showing areas of increased density, tomography possesses absolute superiority 
over the standard method under experimental conditions, whereas under clinical conditions 
the standard film will reveal, because of their great density, even very small osteoplastic 
lesions. Although tomography sometimes shows up osteoplastic lesions more clearly, 
its use in such cases is not justified. 

The technique of tomography has a useful place as a complement to the routine 
method in radiographic examination of the spine in selected cases; this is especially so 
in cases of small lesions in the upper and lower surfaces of the vertebral body and of 
relatively large destructive changes in the spongiosa, in which its absolute superiority 
over the standard investigation is evident. For practical purposes, tomography may be 
of value in the examination of certain regions that are difficult to radiograph — the upper 
cervical spine in the a. p. projection, and the region comprising the lower cervical and 
the upper dorsal spine in the lateral projection. 


Autoreview. 
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MENINGIOMAS OF THE PosTERIOR Fossa. By Francesco Castellano and Giovanni Ruggiero. 
Foreword by Prof. H. Olivecrona. Preface by Prof. Erik Lindgren. 177 pp., 129 
illustrations and 7 tables. Acta radiol. Suppl. 104, Stockholm 1953. Sw. Kr. 30: —, 
bound Sw. Kr. 35: —. 


This work is the result of a study of 71 cases of meningioma of the posterior fossa 
(p. f.). Six more cases of meningioma originating from the region of the cavum Meckelii 
were added to the material. The main analysis concerns the clinical, pathologic, radiologic 
and surgical aspects of these tumours. All patients in the series were treated in the Neuro- 
surgical Clinic (Prof. H. Ottvecrona) of Serafimerlasarettet, Stockholm. The roentgen 
examinations were carried out in the Roentgen Department (Prof. Errk LINDGREN) 
of the same hospital. The histologic material was reviewed by Prof. N. RincERtz of Karo- 
linska Institutet, Stockholm, who classified it according to Cushing and Eisenhardt’s 
classification of the meningiomas. 

The authors suggest an anatomic grouping of meningiomas of the p. f. according to 
their site of attachment which has been accurately ascertained on many anatomic spec- 
imens. The material is thus divided into the following seven groups: (1) meningiomas of 
the cerebellar convexity (7 cases); (2) meningiomas of the tentorium (21 cases), which 
are in turn divided in three smaller groups: (a) expanding only below the tentorium, 
(b) perforating and (c) attached to the carrefour falco-tentoriel (CFT); (3) meningiomas 
of the posterior surface of the petrous bone (30 cases); (4) meningiomas of the clivus (8 
cases); (5) meningiomas of the foramen magnum (3 cases); (6) multiple meningiomas 
and neurinomas (one case); and (7) meningiomas without dural attachment (one case). 

The terms “anterior part of the p.f.” and “posterior part of the p. f.” are much 
employed for simplifying the reading of the text. They represent an artificial division of 
the p. f. by a curved transverse plane passing through the aqueduct and the floor of the 
fourth ventricle. The ‘“‘posterior part’ includes meningiomas of the cerebellar convexity, 
tentorium and foramen magnum with a posterior site of attachment. Meningiomas of 
the clivus, posterior surface of the petrous bone and foramen magnum with an anterior 
site of attachment are on the contrary assignable to the tumours of the “anterior part’’. 

For each group the pathology, clinical and radiologic findings and surgical procedure 
are discussed separately. A special review of the roentgenologic literature is made in 
each chapter. Major emphasis is given to differential diagnosis. In all chapters the main 
differential diagnosis as for instance that between tentorial meningiomas and cere- 
bellar angioreticulomas, meningiomas of the CFT and pinealomas or gliomas of the 
corpora quadrigemina, meningiomas of the posterior surface of the petrous bone and 
acoustic neurinomas, etc. — is examined in detail and all its aspects are separately dis- 
cussed in the various parts of each chapter. Thus, the reader will often encounter a radio- 
logic, a clinical, as well as, of course, a general differential diagnosis. 

One of the main purposes of this work is to ascertain the real value of surgical inter- 
vention which is at present the only effective therapy for meningiomas. For this reason 
the operative results have been very carefully evaluated. The comparison between them 
and the site of implantation of the tumours has permitted a modification of the old rule 
that all meningiomas must be extirpated. In some cases, as for instance meningiomas 
originating from the region of cavum Meckelii, partial removal usually gives better results. 
In some other cases, such as clivus meningiomas, extirpation is contraindicated by the 
extremely high operative mortality. 

Autoreview. 
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Die WIRBELSAULENTUBERKULOSE UND IHRE DIFFERENTIALDIAGNOSE. Von J. E. W. 
Brocher. 292 Seiten, 376 Abb. Georg Thieme, Stuttgart 1953. DM 78. —. 


This book deals with the diagnosis and treatment of a great number of diseases of 
the spine. It thus forms a large clinical work and roentgen examinations assume an im- 
portant role in the diagnostic procedures. The volume contains 344 roentgenograms. 

Tuberculous spondylitis is exhaustively described by the author. The description 
is profusely illustrated and in many cases one is enabled in an interesting way to follow 
the development of the diagnosis from its inception. 

The author gives examples of the value of tomography in diagnosis and rightly 
points out its importance in the detailed analysis of the nature and extent of changes in 
the vertebrae. In the opinion of the reviewer, the tomographic method possesses only 
little absolute superiority over the standard method. Its practical worth lies in its ability 
to facilitate the examination by rendering the vertebral changes more readily accessible; 
this it does by eliminating the interference caused by the superimposition of other parts. 
Tuberculous spondylitis is dealt with in 92 pages, the remaining 163 pages of the book 
containing descriptions of conditions which may cause difficulties in the differential 
diagnosis. This account is more detailed than usually to be expected in a discussion of 
differential diagnosis pure and simple and in certain cases also includes the treatment 
of the affection mentioned. Scheuermann’s disease and spondylarthritis ankylopoietica 
thus each receive careful descriptions running to some 30 pages and the treatment is 
also outlined. These surveys are very complete and contain a large and illustrative pic- 
ture material. The characteristic deformity of the body of the vertebra which follows 
Scheuermann’s disease is described by the author, as by all other authorities, solely as 
wedge-shaped. The reviewer agrees that a wedge-shape is common but that the disease 
often results in a vertebra which retains a rectangular form but is narrower than the 
neighbouring normal vertebrae; in addition, one is often able to demonstrate that the 
affected vertebra shows a greater sagittal measurement than the normal. 

The other 100 pages deal with malformations, various atrophic conditions and cer- 
tain systemic diseases. Curiously enough, osteochondrosis is briefly dealt with on a single 
page. 

The book thus contains considerably more than the title suggests. Its roentgen 
diagnostic value is of a general character and is not narrowly limited to the differential 
diagnosis of tuberculous spondylitis. By its exhaustive description of this condition as 
well as of Scheuermann’s disease and spondylarthritis ankylopoietica, it constitutes an 
important supplement to ‘Die Gesunde und kranke Wirbelsiiule in Réntgenbild und 
Klinik’ by Scumort and JUNGHANNS. 

The work bears evidence of extensive knowledge of the literature and the references 
to other authors are upon an ambitious scale. The illustrations are plentiful and first- 
rate. 

Folke Knutsson. 


